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Hypocholesteremic Effect of @-Diethylaminoethyl Diphenylpropylacetate 


Hydrochloride (SKF No. 525-A) in the Dog. 
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Epna C. Dick, SAMUEL M. GREENBERG, JOHN F. HeRNvON, MILDRED JONES AND 
E.. J. VAN Loon 
Smith Kline & French Labs., Philadelphia, Pa. 


In view of general acceptance of relation- 
ship between hypercholesteremia and _inci- 
dence of atherosclerosis, agents capable of re- 
ducing plasma cholesterol levels are of con- 
siderable current interest. In this laboratory 
B - diethylaminoethyl diphenylpropylacetate 
hydrochloride (SKF No. 525-A) was a potent 
hypocholesteremic agent. This report de- 
scribes results of zm vivo tests with this com- 
pound. 

Methods. Adult mongrel dogs with na- 
turally-high plasma total cholesterol values 
(greater than 150 mg%) were used. Dogs of 
both sexes were distributed evenly throughout 
the test. A commercial dog food and enriched 
whole milk diet sufficient to maintain body 
weight(1) was fed once a day (morning), and 
water supplied ad lib.; food not consumed 
within 3 hours was removed. Animals were 
housed individually in raised, wide-mesh 


screen cages in room at constant temperature 
and humidity. Medication was given orally 
in gelatin capsules, twice a day on weekdays 
(following 11:00 a.m. feeding and at 4:00 
p-m.), and once a day on Saturday and Sun- 
day after 11:00 a.m. feeding, so that on week- 
ends animals received half usual daily dose of 
test material. Control dogs were adminis- 
tered an equal number of empty capsules 
when compound was given to test dogs. Blood 
samples were obtained from brachiocephalic 
vein of test dogs in fasting condition (before 
morning feeding). In Exp. I, 5 dogs received 
SKF No. 525-A in 20 mg/kg body weight/day 
for 21%4 weeks, while 5 comparable dogs were 
given placebo treatment. In Exp. I, 3 dogs 
received the compound at 10 mg/kg/day for 
1914 weeks, and 5 dogs again served as con- 
trols. Plasma total cholesterol was studied at 
intervals; plasma total lipids, phospholipids, 


HYpocHOLESTEREMIC Errect oF SKF No. 525-A | 


on 
do 
aN 


oo Control cholesterol 

——«4 Treated cholesterol 

@=---= Control phospholipid 
fo) 4----4% Treated phospholipid 


12) 


' 
b 
1@) 


-80 


-60 


t 
@ 
0 
ta eee | 
cre 
o 
OREO 


! 
nN 
as 
fe) [e} 

(% 8W) SAIDITOHASOHS YWSY IAS Ni JONVHD 


all if Hh 1 
o b nN ce) 
fe} {eo} fe) fe) 

! 

Nn 

@ 

{e) 


Treatment stopped 


CHANGE IN PLASMA TOTAL CHOLESTEROL (mg %) 


T 
23 3) 3 


eo 


moe 0 wey 
WEEKS 
FIG. 1. Changes in plasma total cholesterol and 
plasma phospholipid in dogs treated with 20 mg 
SKF No. 525-A/kg/day (Exp. I). At start of ex- 
periment (0 time) absolute plasma base values in 
mg % were: Control cholesterol, 238; SKF No. 
525-A treated cholesterol, 186; control phospho- 
lipid, 466; SKF No. 525-A treated phospholipid, 
403. 


esterified cholesterol and free cholesterol were 
studied at or near termination of experiment. 
A thyroid function test (protein-bound io- 
dine) and liver function tests (serum alkaline 
phosphatase, bromsulfalein clearance and se- 
rum bilirubin) were determined after 17 


weeks of drug administration. Other tests in- | 


cluded glucose tolerance, complete blood 
study, urinary sodium and potassium, and uri- 
nary creatine/creatinine. Dogs were then au- 
topsied for gross examination of internal or- 
gans, histological studies, and lipid analyses of 
livers and aortas. 


and Keys(2). Other determinations were 
done by standard procedures (3-6). 
Results. In Exp. I, 20 mg of the com- 


pound/kg/day administered orally to dogs 


resulted in an 84% reduction of plasma total 
cholesterol in 214 weeks. Upon withdrawal of 
the compound these values returned to pre- 
treatment levels (Fig. 1). Plasma phospho- 
lipids followed a pattern similar to that of 
the plasma total cholesterol (Fig. 1). Results 
of Exp. II (Table I) show similar reduction 
of plasma total cholesterol, plasma total li- 
pids, and plasma phospholipids in dogs treated 
with a lower level of test material (10 mg/ 
kg/day). Although studies during fifth month 
of treatment (Exp. II) showed that serum 
bilirubin, bromsulfalein retention and per cent 
esterified cholesterol were not significantly 
altered in treated dogs, serum alkaline phos- 
phatases were significantly higher than for 
untreated dogs (Table I), indicating altered 


TABLE I. Dog Exp. II. Effect of Oral Treatment of Dogs with 10 mg SKF No. 525-A/kg/Day 
for 1914 Weeks on Plasma Lipids, Liver and Thyroid Functions, and Body Weights. 


Measurement Control dogs (5) Treated dogs (3) Oe Beles 
Plasma lipids, mg Yo 
Total cholesterol 
Initial 23 a 76 ZAGEesIOS 8 
After 314 weeks’ treatment 215 +56 88 +47 .02 
PT RET 2 a 245 + 66 Wey Se NG 005 
Free cholesterol, 174% wk 66 + 20 Uf ats 6) 02 
Esterified cholesterol, 174% wk 200 +63 13 ae il 05 
% esterified (of total), 17% wk Ho 2 il Si se. & & 
Total lipids, 1944 wk 1097 +89 CM 35173 001 
Phospholipids, 1944 wk 406 +63 183 = 28 .005 
Cholesterol/phospholipid ratio, 1914 wk oot .05 50+ 04 5 
Liver function tests (17 wk) 
Serum alkaline phosphatase, Bodansky units 1 ae US) ae ell 001 
Bromsulfalein, % retention 10:9 == 6.0 Way ie Ul 5 
Serum bilirubin, mg % 10+ .08 alld == 05 5 
Thyroid function test (16% wk) 
Protein-bound iodine, ne % Moll, a2 46 Ney Gre ail .05 
Body wt, kg 
Initial 12.5 11.0 
Final 12.3 ilaleat 


*«*P?? value determined by Student ‘t’ test comparing values obtained with treated dogs to 


those with control dogs at times indicated. 


Cholesterol analyses were — 
done by modification of method of Anderson — 
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HYPOCHOLESTEREMIC EFFECT OF SKF No. 525-A 525 
TABLE IT. Dog Exp. II. Lipid Analyses of Livers and Aortas of Dogs Treated with 10 mg 
SKF No. 525-A/kg/Day for 191% Weeks. 
Va Livers- >< Aortas, 
% fat mg chol/g mg chol/g 
Dog No. Treatment % dry wt (dry wt) dry wt dry wt 
165 None 32.0 4.7 7.8 5.8 
208 a 31.0 4.1 1.2 5.8 
Avg 31.5 4.4 7.5 5.8 
aa SKF No. 525-A 33.2 22.5 9.0 4.0 
213 Idem 32.4 19.5 9.3 4.7 
Avg 32.8 21.0 9.2 4.4 
54 SKE No. 525-A 1914 wk, 30.4 5.4 7.2 4.9 
removed from treatment 
for following 3 wk 
liver function(7). Protein-bound iodine lev- depressants and CNS stimulants(8). The 


els of test animals were significantly lower 
than were those of control dogs. The follow- 
ing tests gave normal values in treated dogs: 
glucose tolerance (1914 wks), urinary crea- 
tine and creatinine (6 wks), urinary sodium 
and potassium (6 wks), blood count and 
white cell differential (16% wks), blood vol- 
umes (18 wks), and albumin/globulin ratios 
(15 wks). There were no apparent changes in 
appetite nor did body weights change during 
experimental periods. 

Fatty infiltration of livers of treated dogs 
brought to autopsy was observed grossly and 
was confirmed by chemical analyses (Table 
II). Liver cholesterol of treated animals was 
23% higher than that of controls, whereas 
aortic cholesterol was 24% lower. By histo- 
pathologic examination no abnormalities were 
observed in organs (including the thyroid) 
other than the liver in treated dogs. 

One dog, which received SKF No. 525-A 
for 1914 weeks of Exp. II, was removed from 
treatment for 3 weeks before autopsy (Dog 
No. 54). In this dog plasma alkaline phos- 
phatase level returned to normal and plasma 
total cholesterol increased from 35 mg% to 
194 mg% (pretreatment value, 196 mg%); 
the liver appeared on autopsy both chemically 
(total lipids) and histologically normal. Al- 
though fat and cholesterol contents of this 
dog’s liver had returned to levels similar to 
those of control dogs, aortic cholesterol was 
still depressed below control level. 

Discussion. SKF No. 525-A has previously 
been known as potentiator of various drugs 
including hypnotics, analgesics, spinal cord 


mechanism of action of SKF No. 525-A as a 
potentiator is related to its activity as inhibi- 
tor of side-chain oxidation, hydroxylation, 
ether cleavage, dealkylation, deamination(8), 
acetylation and cholinesterase activity(9). Jn 
vitro studies on rat liver homogenates, per- 
formed by Dr. W. L. Holmes, showed that 
SKF No. 525-A also inhibits synthesis of cho- 
lesterol from mevalonate. SKF No. 525-A, 
therefore, appears similar to other recently- 
announced hypocholesteremic agents which 
inhibit cholesterol synthesis from mevalonate 
(1O;11),. 

Rapidity of action of SKF No. 525-A is 
exhibited in Exp. I where 30% reduction in 
plasma total cholesterol levels was produced 
in less than a week of treatment. The second 
experiment reveals that the hypocholesteremic 
effect is sustainable over a long period without 
overt signs of toxicity. 

It has recently been reported that in rats 
long-term administration of SKF No. 525-A 
at high levels (25-50 mg/kg/day for 2 
months) resulted in fatty infiltration of the 
liver(12). Doses of 10 mg/kg/day over the 
2-month test caused no liver changes in rats 
(perhaps a longer dosage administration of 
lower level of the compound would have re- 
sulted also in liver changes). 

Under our conditions with dogs, the alka- 
line phosphatase levels were more sensitive to 
liver changes than were bromsulfalein clear- 
ance times or serum bilirubin levels. The 
change in alkaline phosphatase was the only 
indication of hepatic toxicity, which suggests 
that liver damage with a drug of this type 
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might be overlooked if reliance were placed 
only on such standard liver-function tests as 
per cent esterified cholesterol, bilirubin levels 
or BSP clearance. 

Tests on the dog when treatment was 
stopped after 5 months, indicate ready reversi- 
bility of fatty infiltration of the liver. It is 
therefore possible that intermittent use of the 
drug might lower serum cholesterol without 
causing excessive fatty livers. The prompt 
return of plasma cholesterol to pretreatment 
levels, observed in Exp. I and II upon cessa- 
tion of treatment, indicates lack of permanent 
alteration of cholesterol-synthesizing mechan- 
isms. 

Additional work in this laboratory with 
species other than the dog showed that SKF 
No. 525-A produces hypocholesteremic ef- 
fects in rats(13), mice and monkeys. In both 
rats and mice treated with SKF No. 525-A, 
we observed fatty infiltration of liver; mon- 
keys were not autopsied for hepatic examina- 
tion. 

Summary. -Diethylaminoethyl diphenyl- 
propylacetate hydrochloride (SKF No. 525- 
A) reduced significantly plasma total choles- 
terol and aortic cholesterol in dogs. Chronic 
daily administration of the SKF No. 525-A 
to dogs for 5 months resulted in marked fatty 
infiltration of the liver, which was rapidly re- 
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versible upon withdrawal of the compound. 


The authors wish to thank Dr. C. A. Leonard for 
drug studies in monkeys and Dr. L. Z. Saunders for 
histopathological studies. 
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Further Evidence of Immunologic Dissimilarity of Distemper (CD) and 


Measles (M) Viruses.* 


(25897 ) 


V. J. Casasso, J. E. AvAMpato, K. H. Kiser anp M. R. STEBBINS 


(Introduced by H. R. Cox) 
Viral and Rickettsial Research Section, Lederle Labs., Amer. Cyanamid Co., Pearl River, N. Y. 


Although a possible relationship between 
canine distemper (CDV) and measles (MV) 
viruses has been proposed by various investi- 
gators(1-5), others find experimental evidence 
against such a theory(6,7). Inasmuch as 
modified canine distemper virus has been sug- 
gested for use in immunizing children against 
measles(8), further investigation of the rela- 


tionship of these 2 viruses is required. Addi- 
tional experimental evidence of their dissimi- 
larity is presented here. 

Materials and methods. Virus strains used: 
Edmonston straint of MV adapted to chick 
embryo tissue culture(9); HeLa-grown MV 
with titers of 104°*-° TCD; 9 for inoculation 
of monkeys and ferrets and for neutralization 


* Presented in part at SAB meeting in Philadelphia, 
May 1, 1960. 


t Courtesy of Dr. J. F. Enders, Children’s Hosp., 
Boston. 
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tests; Lederle chick-embryo adapted CDV 
(10) for chick-embryo tissue culture and neu- 
tralization tests and for vaccination of ferrets. 
Virus stock was prepared as described earlier 
(6). Ferrets were challenged with Lederle 
virulent CDV(11). Tissue culture. Growth 
medium consisted of Eagle’s solution(12) 
containing lactalbumin hydrolysate, to which 
was added: 2% calf serum for monkey kidney 
cultures, 10% horse serum for chick embryo 
and 30% calf serum for HeLa cells, all pre- 
pared by the method of Dulbecco and Vogt 
(13). Renewal fluids were medium 199(14) 
plus 2% hydrolyzed gelatin and 1% liver di- 
gest for monkey kidney cultures; medium 199 
alone for chick embryo; and Eagle’s solution 
plus 20% horse serum for HeLa cultures. 
Human sera. Thirteen paired acute and con- 
valescent measles sera and 3 convalescent sera 
collected during a 1947 epidemic in Cleve- 
land? were stored in a dry ice cabinet until 
tested. Measles immune monkey serum. Se- 
rial bleedings from cynomolgus monkeys im- 
munized with MVS were tested for MV and 
CD neutralizing antibodies. Neutralization 
tests. CD antibodies were titrated in chick 
embryos(6). MV neutralization tests were 
carried out as follows: 2-fold dilutions of in- 
activated serum (30 minutes at 56°C) and 
approximately 100 TCD5» of virus were mixed 
and incubated one hour at room temperature. 
Each of 2 HeLa culture tubes was inoculated 
with 0.1 ml of each serum-virus mixture, in- 
cubated for 14 days at 37°C and examined 
daily for multinucleated cells characteristic of 
MV. Renewal fluid was changed every 4th 
day. Paired serum specimens were always 
tested at the same time, and normal and im- 
mune serum controls as well as a virus titra- 
tion, were included in each test. Serum neu- 
tralizing titers (SNs0) were calculated by 
Reed and Muench formula(15). Control im- 
mune sera were the same as those used in a 
previous study (6). 

Results. Immunization of Ferrets with MV. 
Blood samples from 4 groups of 3 ferrets were 
pooled by group. Two groups were then in- 


t Courtesy of Dr. A. B. Sabin, Children’s Hosp., 
Cincinnati. 
§ Data to be published. 
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oculated with a HeLa-grown MV suspension 
according to following schedule: 


Day Route Dose 
0 IMin2sites 2 ml MV-adjuvant mixture] 
ie il 3 
ad le 1 % 
14 IMin2sites 2 ” -adjuvant mixture 
iU2 1 a 
call Aue? 1 ” (Test bleeding done on 


this day.) 


|| MV-adjuvant mixture: 5 parts virus suspen- 
sion, 4 parts Bayol F, and 1 part Arlacel A. 
| MV: virus suspension—10!° to 10°° TCD,,/ml. 


The other 2 groups were inoculated according 
to the same schedule with a normal HeLa cell 
preparation. Sera from 2 ferrets were pooled 
and the ferrets then vaccinated with modified 
CDV. On day 21, all ferrets were re-bled and 
their sera pooled by group. CDV and MV 
neutralizing antibody titers on all pools had 
been determined by day 31, and third blood 
specimens were obtained on that day before 
the animals were challenged with virulent 
CDV. One MV, one HeLa control and the 
CD vaccine groups of ferrets received 10,000 
ferret LDs 9, and the other MV and HeLa 
groups received 1,000 LD59 of CDV. All se- 
rum pools were again tested for CD and MV 
neutralizing antibodies (Table I). With use 
of adjuvant, demonstrable MV _ antibodies 
were elicited in MV inoculated ferrets, yet no 
CD antibodies were formed and all animals 
succumbed to CDV challenge. CD vaccina- 
tion induced CD antibodies and immunity to 
challenge, but did not induce MV antibodies. 
MV and CDV SN 5, titers from 16 measles pa- 
tients. Time of bleeding and virus titers are 
given in Table II. Variable amounts of avail- 
able serum account for the different starting 
dilutions. Appearance of MV and CD anti- 
bodies in the same individual are clearly not 
correlated. The highest CDV levels (be- 
tween 1:10 and 1:30) were found in sera from 
2 patients, of whom one had no history of 
clinical measles, and from MV-immune mon- 
keys. No significance is attributed to CD 
titers of less than 1:20, as dogs with even 
slightly higher titers have been found fully 
susceptible to distemper challenge(16). Ac- 
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TABLE I. Immunization of Ferrets with MV and Subsequent CDV Challenge. 


Neutralizing antibodies 


MV/CD Mortality 
Ferret F ratio after 
group No. Inoe. Pre-vae. 21 days 31 days CD challenge 

1 HeLa control EY iaisy? <4/<5 <4/<5 cr 

9 ” ” ” ” 

3 HeLa MV 2 <60/<5 20/<5 é t 

4 x 60/<5 10/<5 t 

5 CD vaccine mK <4/1800 <4/1300 0/2 


* Reciprocal of dilution. 


tively immune dogs often possess titers of 
1:1000 or more, as illustrated by the control 
CD-immune dog serum, which was devoid of 
measles antibodies. Judging from convales- 
cent phase titers, all but 2 patients had had 
clinical measles, perhaps even the 3 from 
whom no acute phase sera were available. Yet 
distemper antibodies are absent or insignifi- 
cant in all. Effect of homologous and heter- 
ologous antisera on multiplication of MV and 
CDV. MV was grown in 3 groups of HeLa 
culture tubes. In one group the medium con- 
tained 5% normal horse serum; in the second 
group, 5% control MV-immune monkey se- 
rum; in the third, 5% control CD immune 


TABLE II. Distemper and Measles Antibody 
Titers of 16 Measles Patients. 


Serum neutralization 


titers* 
Clinieal signs Acute/Convalescent 
at first bleeding MVt CDt 
Koplik spots <8/44 <e)/ali() 
<8/64 <2D/ 16 
<8/90 <6) 
<4/20 <5/<5 
<8/64 <25/<5 
<8/90 <5/<5 
<4/128 <A) <5 
6/80 BY 
Rash—2nd day 10/64 <tc) 
ordeae 8/8 j 
Idem 10/64 “a 
” 8/32 ” 
Not obtained —/40 —/<.25 
Idem —/128 —/<5b 
” —/128 ” 
No ¢linieal measles 64/90 10/ 30 
Control measles immune 140 20 
monkey serum 
Control distemper immune <4 4,000 


dog serum 


* Reciprocal of dilution. 
+t Tested against 100 TCD, of virus. 
ten 2’ HY 100-500 CED, of virus. 


+ Challenge dose 10,000 LDs. CDV. 


{ Challenge dose 1,000 LD;, CDV. 


dog serum. After 14 days incubation at — 
37°C, pooled fluids from each group were ti- 
trated in HeLa cultures. Groups of chick- 
embryo culture tubes were renewed with me- 
dium 199, alone or plus one of the following: 
2.5% normal dog serum, 2.5% control CD- 
immune dog serum, or 2.5% control MV-im- 
mune monkey serum. Tubes were inoculated 
with tissue culture adapted CDV(17) and in- 
cubated for 4 days at 37°C. Tissues and fluids 
from each group were harvested, ground to- 
gether and titrated on the CAM of 7-day-old 
chick embryos (Table III). MV growth was 


TABLE III. Multiplication of MV and CD Viruses 
in Presence of Homologous and Heterologous Anti- 
sera. 


CD titers in 


Type serum MV titersin chick embryos 


added to medium Hela cells (EID;)/m1) 
None 4,2 
Normal horse layaye? 

i dog 4.2 
MV-immune monkey 2.5 4.3 
CD- ” dog 5.5 Neg. und 


* Log to power of 10. 


significantly inhibited (3 logs) by the homo- 
logous, but not at all by the heterologous sera. 
MV-antiserum in the medium did not inter- 
fere with CDV growth, but CD-immune se- 
rum did. MV and CD antibody titers of 
measles-immune monkeys. One of 6 suscep- 
tible monkeys developed MV antibodies one 
week after vaccination, but died of pneumonia 
on the 13th day. The others developed MV 
titers by the second week post-vaccination 
and maintained them at high levels for 6 
weeks of observation. Except for animals 
Nos. 4 and 5, which lacked: significant CD 
titers, CD antibodies were absent despite the 
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TABLE IV. Measles and Distemper Antibody Titers of Cynomolgus Monkeys Immunized with 
Measles Virus. i 


Time of Monkey No. and serum neutralizing antibodies 
bleeding 1 2 3° 4 5 6 
(wk) CD MV CD MV CD MV CD MV CD MV CD MV 
p Bod Ee ed. eh ea Bese Ee" ie eed aig ee! 
3 ” ” ” 44 ” ” ” ” 9 ”? 
2 40 2 20 8 30 Me 30 4 44 
3 90 PS WE BO) 10 260 NSO 
4 : Ht 2. 260) 3 4 Hl) a ce 
5 4 60 a ‘a SO) <a, 260 ‘% 90 
6 90 ee ASD 10 e NSO) es ANS {) 


* Died of pneumonia on 13th day. 


presence of elevated levels of MV antibodies 
(Table IV). 

Discussion. ests with the strains used in 
this study indicate little antigenic similarity 
between MV and CDV, and any relationship 
between them seems remote. Warren et al. 
(5) have suggested that strain and passage 
histories of CDV might bear on its degree of 
similarity to MV. Since only one serologic 
type of CDV has been recognized, such varia- 
tions in the antigenic mosaic of the virus are 
difficult to assume. Our tests on sera from 
patients convalescing from measles showed no 
evidence of simultaneous development of CD 
and MV antibodies. Possibly CD antibodies 
develop later. Absorption experiments with 
human sera containing antibodies to both vi- 
ruses are in progress and results should fur- 
nish further clues to their antigenic relation- 
ship. 

Summary. Additional experimental evi- 
dence of dissimilarity of canine distemper 
(CDV) and measles (MV) viruses are pre- 
sented: 1. Ferrets inoculated with repeated 
doses of MV-adjuvant mixture and which de- 
veloped M antibodies proved as susceptible as 
control animals to challenge with CDV. 2. 
Paired convalescent sera from measles pa- 
tients showed significant measles antibody 
rises, while CD antibodies remained essen- 
tially absent. 3. Growth of MV in HeLa 
cells was not inhibited by presence of CD an- 
tiserum or normal serum, while MV antiserum 
apparently reduced virus multiplication. 
Presence of measles antiserum did not inter- 
fere with propagation of CDV. 4. By 14th 
day after MV infection, serologically negative 


+ Reciprocal of dilution. 


monkeys developed high antibody titers for 
MV but none for CDV. It remains to be de- 
termined whether results obtained are attribu- 
table to particular virus strains used, or apply 
also to other isolates of MV and CDV. 


Authors thank Marie Murrin and Hubert Klaver 
for technical assistance and E. Manoogian for help 
in preparation of manuscript. 
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Effect of Lactogenic Hormone, Growth Hormone and Thyroxine in the 


Lactating Albino Rat.* 


(25898 ) 


R. von BERSWORDT-WALLRABE,! R. C. Moon? anp C. W. TURNER 
Dept. of Dairy Husbandry, University of Missouri, Columbia 


It has been shown that oxytocin’ (OXT), 
growth hormone|| (GH) and thyroxine (T4) 
improve significantly milk yields of lactating 
rats(1,2). Lactogenic hormone|| (LGH) re- 
quirements have been investigated in the in- 
tact lactating rat. These data indicated that 
normal milk secretion required not only LGH, 
but also other pituitary hormones(3). In con- 
tinuing these studies, the effect of lactogen 
alone and combinations of lactogen, growth 
hormone and thyroxine upon litter weight 
gain and milk yield on day 14 of lactation are 
reported. 

Materials and methods. 121 Sprague-Daw- 
ley-Rolfsmeyer lactating rats were housed, 
fed, and killed under identical standardized 
conditions as described  previously(1,2). 
Nursing was standardized in all rats with 1 
USP unit OXT given subcutaneously immedi- 
ately before young were allowed to suckle. 
One mg LGH/day, 1 mg GH plus 1 mg LGH/ 
day and 1 mg LGH plus 1 mg GH plus 3 pg 
T4/100 g body weight (BW)/day were in- 
jected from day 7 through day 14 of experi- 
ment. A 0.9% alkaline NaCl solution served 
as vehicle at rate of 0.2 mg/l mg GH, LGH, 
or 1 USP unit OXT, and 0.1 mg/3 pg T4. 
Control animals were treated in same way but 
were injected with 1 USP unit OXT on day 
14. 

Results. Lactogen, 1 mg/day from day 
7-14 of lactation, had no beneficial effect on 
prenursing litter weight and milk yield on day 
14. Combination of same amount of LGH 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 2122. 
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with 1 mg GH/day increased significantly 
prenursing litter weight and total milk yield 
as compared to controls and LGH treated 
group (Table I). 

Addition of 3 wg T4/100 g/day to LGH 
plus GH resulted in a more highly significant 
increase in milk yield on day 14 in comparison 
to oxytocin alone than did treatment with 
LGH plus GH (from p<.005 to p<.001). 

Litter weight on day 6 was significantly 
higher in group which received triple hormone 
treatment, as compared to controls and LGH, 
but not of GH treated rats. A significant in- 
crease in total litter weight on day 14 as com- 
pared to LGH treated rats, but not compared 
to control rats, was observed. Per cent litter 
weight gain on day 14 over day 6, more sensi- 
tive as a parameter, was significantly in- 
creased only in LGH plus GH treated rats. 


Discussion. It was observed that OXT in- 
jected at nursing time increased milk removal 
50% (1,2). Subsequently, it was shown that 
thyroxine at level of 3 pg/100 g BW/day 
from day 7 to 14 increased milk yield 37.7% 
in normal rats and 63.1% in conjunction with 
OXT. GH alone, at level of 1 mg/day from 
day 7 to 14 increased milk yield 41.1% over 
controls and with oxytocin an increase of 
60.5% was observed. When GH, T4 and 
OXT were administered, milk yield was in- 
creased 74% over control(2). 

In present experiment it was observed that 
injection of LGH from day 7 to 14 and OXT 
to aid in milk removal did not increase milk 
yield above that of OXT alone. However, 
when LGH and GH were administered to- 
gether during increasing segment of lactation 
curve there was a significant increase from 
60% with GH and OXT to 68% in milk yield 
with the 3 hormones. Further, with the com- 
bination of GH, T4 and OXT, milk yield was 
increased from 74 to 84% by addition of 
LGH. 

These data are believed to indicate that 
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TABLE I. Synergistic Influence of Lactogen, Growth Hormone, Thyroxine and Oxytocin on Milk Yield and Litter Weight Gain to 14th Day of Lacta- 


over 
untreated 
controls* 


Total as % 
of postnurs- 
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83 + 2.9° 


Day 14 
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8 
153 
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168 
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Day 6, 
g 
70 + 3.01 


No. of 
rats 


Treatment 
(hormone, day 7-14; oxytocin, day 14) 
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38 
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when GH and T4 stimulate increased milk 
yield separately and together, endogenous se- 
cretion of LGH became inadequate and addi- 
tional exogenous LGH made possible the more 
intense lactation observed. 

Summary. Effects of lactogenic hormone 
(LGH) alone and in combination with growth 
hormone (GH) and L-thyroxine (T4) upon 
lactation in the rat have been studied. All 
rats were nursed on day 14 of lactation with 
aid of 1 USP unit of oxytocin (OXT) under 
standardized conditions. One mg LGH alone 
did not show galactopoietic effects when in- 
jected daily from day 7-14. Under combined 
action of | mg LGH and 1 mg GH/day from 
7-14, litter weight gain and amount of milk 
on day 14 have been significantly increased. 
Addition of 3.0 »g T4/100 g body weight/ 
day from day 7-14 to LGH plus GH resulted 
in a more highly significant increase in milk 
yield in comparison to oxytocin alone than 
did treatment with LGH plus GH. The in- 
crease in mean milk yield of 84% over un- 
treated controls by 4 hormones is the highest 
so far attained in laboratory. 
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Histamine in Intestinal Lymph of White ‘Rat During Anaphylactic Shock.* 
(25899) 


GrorcE B. Locan_ (Introduced by C. F. Code) 
(With technical assistance of Joseph C. Kennedy and Emery Van Hook) 
Mayo Clinic and Mayo Fn.t Rochester, Minn. 


Histamine has been shown by Mota(1) to 
appear in blood of sensitized white rats within 
a few minutes after intravenous administra- 
tion of the specific antigen, horse serum. 
Strickland(2) later used egg albumin and 
Bordetella pertussis vaccine as_ sensitizing 
agents and also demonstrated an increase of 
histamine in blood of shocked rats. Sanyal 
and West(3) showed that severe shock can 
be produced consistently in the rat with B. 
pertussis vaccine together with egg albumin 
or horse serum. Subsequently, Sanyal and 
West(4) interpreted their findings as indi- 
cating that neither histamine nor 5-hydroxy- 
tryptamine participate in symptoms of ana- 
phylactic shock in the rat. This conclusion 
was reached because shock ensued in animals 
even after skin and intestines presumably had 
been depleted of histamine and 5-hydroxy- 
tryptamine by preliminary treatment with 
polymyxin B sulfate, reserpine and total body 
irradiation. Neither mepyramine maleate 
nor BOL 148 seemed to reduce intensity of 
shock. Mota(1), however, had noted previ- 
ously that antihistaminic drugs protected rats 
against anaphylactic shock. Parratt and 
West(5) suggested that release of histamine 
owing to polymyxin B sulfate is chiefly by in- 
jury to or destruction of mast cells in the peri- 
toneal cavity and subcutaneous connective 
tissue. Histamine also is released from lungs. 
In their opinion polymyxin B sulfate releases 
maximal amounts of histamine and only small 
amounts of 5-hydroxytryptamine.  Irradia- 
tion of the entire body destroys mast cells(6, 
7). It is thought that irradiation depletes 
chiefly stomach and jejunum of histamine(4). 
However, Van Den Brenk(8) suggested that 


* This investigaticn supported in part by grant to 
Dr. C. F. Code from Louis W. and Maud Hill 
Family Fn. 

t Mayo Fn., Rochester, Minn., is part of Graduate 
School, Univ. of Minnesota. 


mast cells are resistant to radiation. Intra- 
peritoneal injection of distilled water also 
destroys mast cells in the peritoneal cavity 
(9,10). Feldberg and Kellaway(11) and also 
Dale(12) pointed out that it is the quantity 
of histamine liberated at site of action which 
is important in production of pharmacologic 
activity. The small intestine seems to be the 
“shock organ” of the rat. This study was 
undertaken to determine whether histamine 
is released into the lymph that drains from 
gastrointestinal tract of rats during anaphy- 
lactic shock. Some preliminary studies are 
included regarding effect of polymyxin B sul- 
fate, roentgen rays, and distilled water on re- 
lease of histamine. 


Method. White male rats of Sprague-Daw- 
ley strain weighing 150 to 350 g were used. 
Sensitization was carried out by simultaneous 
intraperitoneal administration of 25 mg of 
bovine gamma globulin (BGG) and 0.5 ml 
of B. pertussis vaccine. Twelve to 24 days 
later 10 to 12.5 mg of bovine gamma globulin 
was administered intravenously to induce 
shock. Shortly before inducing shock the 
mesenteric lymphatic vessel was cannulated 
with plastic catheter while animals were 
lightly anesthetized with ether, and a small 
catheter placed in tail vein. Lymph for use 
as a control was collected during immediate 
recovery period. The animal was then given 
an intravenous injection of 3 mg of pento- 
barbital sodium (nembutal)/100 g body 
weight. No. 60 plastic catheter was tied 
into the right external jugular vein of animals 
in which blood studies were done. A control 
blood specimen was secured from each animal 
and the shocking dose was then administered 
intravenously. 

Lymph was collected for control period, 
usually 30 to 60 minutes, and for periods end- 
ing 6, 12, and 30 minutes after shock. Each 
specimen of lymph was heparinized and kept 


HISTAMINE IN INTESTINAL LYMPH 533 


at 0° to 5°C until extraction, by the method 
of Code(13), or direct assay was carried out. 
Four rats were not given sodium pentobarbi- 
tal during collection of lymph or during pe- 
riods of shock. Histamine content of lymph 
of 12 rats was studied by extraction and as- 
say. To secure specimens of at least 0.4 ml, 
the lymph from 2 rats was pooled. Histamine 
content of both lymph and blood plasma was 
studied in 11 rats by direct assay. Blood was 
collected during control period and at 6, 12, 
and 30 minutes after shock. It was drawn 
into a heparinized syringe and kept at 0° to 
5°C until centrifuged at the same tempera- 
ture. Plasma was separated and kept at 0° 
to 5°C until assay. Histamine content of 
lymph and blood was determined by assay 
using a segment of terminal ileum of the 
guinea pig suspended in 3 to 4 ml of atro- 
pinized modified Tyrode’s solution(13). In 
specimens not extracted but directly assayed, 
each contraction considered due to histamine 
was blocked by mepyramine maleate. All re- 
sults are expressed in terms of histamine base. 


Six rats were studied after preparation with 
polymyxin B sulfate by the method of Parratt 
and West(5). The 3-day period of adminis- 
tration of the drug began on 10th day after 
sensitization. Animals were shocked on 13th 
day. Three rats were studied after irradia- 
tion of whole body 6 days after sensitizing 
dose by modification of the method of Eisen, 
Ellis and Wilson(6). The following factors 
were used in irradiation: 130 kv, 8 ma, 4% 
mm aluminum filter, and distance 63 cm; 600 
r was given to the back in 30 minutes and 400 
r to central surface in 20 minutes. This gave 
a dose of 900 r to the center of body. Be- 
cause only one of 12 rats so treated survived, 
the dose was reduced to a total of 700 r. Four 
rats were given this dose; 2 survived and were 
studied 13 days after sensitizing dose. Four 
rats were given 20 ml of triple distilled water 
intraperitoneally 6 days after sensitization 
with bovine gamma globulin and B. pertussis 
vaccine. One week later a study was made of 
lymph during shock. Because substances, 
other than histamine, which cause contraction 
of gut, were present in lymph and plasma, di- 
rect assay was only partially satisfactory and 


the results must be considered largely quali- 
tative. The results of assays after extraction 
are more quantitative but not as exact as de- 
sired because of technical difficulties in mak- 
ing extracts with small amounts of lymph col- 
lected. Clinical shock was graded by dyspnea 
it produced and, in unanesthetized animals, 
by degree of restlessness as well. Gross ap- 
pearance of the small intestine was used as 
chief pathologic criterion; the least degree of 
shock was indicated by slight congestion and 
the greatest degree by intense congestion. 


Results. Bovine gamma globulin was a 
satisfactory antigen for sensitizing rats when 
given simultaneously intraperitoneally with 
B. pertussis vaccine. Animals displayed the 
most intense shock when shock was induced 
on 13th day after sensitization. The reaction 
of animals shocked after 21 to 24 days was 
much less intense. 

Histamine was found in intestinal lymph in 
increased amounts after anaphylactic shock 
(Table I). This was demonstrated not only 
by direct assay but also by assays carried out 
after extraction for histamine. Histamine ap- 
peared promptly after shock, was greatly di- 
minished after 12 minutes, and had returned 
to control values in 30 minutes. In general, 
the more intense the degree of shock, the 
greater the quantity of histamine found in 
intestinal lymph (Table I). During initial 
studies when direct assay was employed, ani- 
mals which had little or no clinical or path- 
ologic evidence of shock had little or no in- 
crease of histamine in plasma or intestinal 
lymph. 

Rate of flow of lymph was carefully 
checked and increased 8 to 25 times during 
first 6 minutes after administration of shock- 
ing dose as compared to control period. The 
flow remained elevated or decreased slightly 
during second 6-minute period and returned 
to control rate in 30 minutes. 

After shock, the quantity cf histamine in 
lymph of animals pretreated with polymyxin 
B sulfate was definitely decreased (Table IT). 
Degree of clinical shock in those animals 
seemed to have been modified. Flow of 
lymph, however, was nearly the same as in 
untreated animals. 
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TABLE I. Histamine Content of Intestinal Lymph 
of Rats after Anaphylactic Shock.* 


Specimen, Histamine, ug/ml 


Degree of shockt min. (expressed as base) 


Poor Control .02 
6 .60 

12 38 

30 03 

Fair Control OL 
6 64 

12 01 

30 00 

Exeellent Control 02 
6 1.08 

12 06 

30 02 

2 Control 00 

6 Tee, 

12 § 

30 § 

ve Control .00 

6 1.50 

12 UG 

30 00 

2 Fair Control .02 
1 Good 6 40 
12 .02 

30 02 


* Each histamine study represents lymph pooled 
from 2 animals. 

+ Hacellent, considerable intestinal congestion, 
labored respiration; good, moderate intestinal con- 
gestion, labored respiration; fair, fair intestinal 
congestion; poor, little intestinal congestion. 

${ Extraction procedure used in all determina- 
tions. 

§ Specimen inadequate for assay. 


Pretreatment with polymyxin B sulfate 
alone caused death in 18 of the 32 rats so 
treated. All surviving rats lost 15 to 30 g. 

Animals pretreated with roentgen rays be- 
came ill. Only one of 12 rats survived the 
dose of 900 r. Two of 4 rats given 700 r sur- 
vived. No histamine was found in lymph of 
any of the 3 animals (Table II). They ap- 
peared too ill before shock to allow assessment 
of degree of clinical shock. The entire intes- 
tinal tract and peritoneum were hemorrhagic 
in each animal. Flow of lymph was reduced 
in 2 animals after shock but increased 10-fold 
in one rat. 

Intraperitoneal injection of distilled water 
caused shivering in each of 6 animals so 
treated. In 4 animals shocked, the reaction 
was moderate but not extreme. Histamine 
content of lymph in one pair of animals may 
have been reduced somewhat below that noted 
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in shocked animals without pretreatment 
(Table Il). The increased flow of lymph 
during shock was the same as in untreated 
animals. 


Comment. Sanyal and West(3) observed 
that shock was severest in rats sensitized with 
the aid of B. pertussis vaccine when the 
shock-inducing dose was given on 12th to 14th 
day rather than on 21st to 24th day. Our 
study confirmed their finding. 


In general, intensity of shock after sensi- 
tization with bovine gamma globulin was not 
so severe as that produced by egg albumin, as 
reported by others(2,3). Sensitization with 
bovine gamma globulin, however, was suitable 
for our study as it permitted collection of 
lymph for 20 to 30 minutes after shock. The 
observation that there is a rough parallelism 
between degree of clinical shock and increased 
quantity of histamine suggests strongly that 
histamine plays an important role in produc- 
tion of anaphylactic shock in the rat. Un- 
doubtedly other chemical mediators play a 
role. 


Our efforts to deplete animals of histamine 
by preshock treatment with polymyxin:B sul- 
fate, roentgen rays, and distilled water can 
be considered as only preliminary. Although 
we followed the plan of administration of 
Sanyal and West(4) in giving polymyxin B 
sulfate, histamine was present in control 
lymph, and also was released after shock-in- 
ducing dose. The amount, however, was 
somewhat less than might have been expected 
with the degree of clinical shock observed. 


Rats irradiated with roentgen rays were 
too ill to permit correlation of degree of clini- 
cal shock and quantity of histamine in lymph. 
In one rat we observed increase in flow of 
lymph usually seen in shocked animals, 
though no histamine was found. 


Values for histamine in control lymph of 
all sensitized but otherwise untreated rats are 
similar to values in blood plasma. This was 
first noted in studies of blood and lymph done 
in the same animal by direct assay. Studies 
of lymph and plasma done by extraction 
method were done on different animals. Val- 
ues of 0.015 to 0.026 pg of histamine/ml of 
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TABLE IT. Histamine Content of Intestinal Lymph after Anaphylactie Shock Following Ad- 
ministration of Polymyxin B Sulfate, Roentgen Rays and Distilled Water.* 


Specimen, Histamine, pg/ml 


Pretreatment Degree of shoek min, (expressed as base) 

Polymyxin B Good Control 03 
6 24 

12 05 

30 05 

ef Mild to none Control .03 
(shocked on 6 00 

8th day) 12 12 

30 01 

‘i; Moderate Control .O1 

6 30 

12 00 

30 .06 

X-ray irradiation, 1 animal None Controlt 00 
6 ” 

12 e 

30 eS 

” irradiation 2 Control e 

6 Ne 

hy ” 

30 ” 

Distilled water Good Control st 
6 80 

12 t 

30 0 

Pe ee Control .06 

6 45 

12 10 

30 .08 


* Hach histamine study represents lymph pooled from 2 animals. 
t Histamine determined in this group of specimens by direct assay. Extraction procedure 


used in all others. 
¢ Not enough to measure. 
plasma are similar to values of 0 to 0.02 pg 
of histamine/ml in lymph. 

Conclusions. 1) Bovine y globulin is a sat- 
isfactory antigen for sensitizing rats when 
given intraperitoneally simultaneously with 
Bordetella pertussis vaccine. Intestinal lymph 
of animals so sensitized contains increased 
amount of histamine when collected 6 min- 
utes after intravenous injection of shocking 
dose. The amount is roughly proportional to 
degree of shock. Rate of flow of lymph in- 
creases 8 to 25 times during the 12 minutes 
immediately after administration of shocking 
dose. 2) Lymph from mesenteric lymphatic 
system contains 0 to 0.02 pg histamine/ml, 
an amount similar to that in plasma. 3) A 
limited number of studies suggest that rats 
treated with polymyxin B sulfate and dis- 
tilled water before shock were only partly de- 
pleted of histamine. 


The author acknowledges encouragement and ad- 
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laberatory and also the aid of Dr. M. M. D. Williams, 
Section of Biophysics. 


1. Mota, I., Brit. J. Pharmacol., 1957, v12, 453. 

2. Strickland, Martha, Thesis, Graduate School, 
University of Minnesota, 1958. 

Sy analy Ra Ken WiestuGa, Bevin i yS70) eal See 
v142, 571. 

4. , ibid., 1958, v144, 525. 

Dee arratts eco Wiest Gaba 707damel OS pmnvalore 
179. 

6. Eisen, V. D., Ellis, R. E., Wilson, C. W. M., 
ibid., 1956, v133, 506. 

7. Smith, D. E., Lewis, Y. S., Experimentia, 1958, 
v14, 335. 

8. Van Den Brenk, H. A. S., Brit. J. Exp. Path., 
1958, v39, 356. 

9. Fawcett, D. W., Anat. Rec., 1955, v121, 29. 

10. Gonda, G., Magos, L., Experimentia, 1958, v14, 
401. 


536 


11. Feldberg, W., Kellaway, C. H, J. Physiol., 
1937, v.90, 257, 

12. Dale, Henry, Brit. M. J., 1948, v2, 281. 

13. Code, C. F., McIntire, F. C., Quantitative De- 


Serum Folic Acid Activity by Improved L. casei Assay.*t 


TmpROvED Foric Actin ASSAY 


terminaticn of Histamine. In Glick, David: Methods 
of Biochemical Analysis, 1956, Interscience Publish- 
ers, N. Y., vol. 3, pp. 49-95. 


Received April 19, 1960. P.S.E.B.M., 1960, v104. 


(25909) 


Jack M. Cooperman, A. LEoNaRD LuuBy AND CATHERINE M. AVERY 
Hematology and Nutrition Lab., Dept. of Pediatrics, N. Y. Medical College, N. Y. City 


Serum folic acid activity by microbiological 
assay with Lactobacillus casei has recently 
been proposed as a diagnostic test for folic 
acid deficiency(1,2,3). Levels less than 7.5 
mpg/ml were reported indicative of the de- 
ficiency condition. Although folic acid activ- 
ity of whole blood, plasma and serum had 
been extensively investigated by a variety of 
microbiological assays it had not previously 
been recommended as a means of assessing 
folic acid nutrition because activity levels in 
normals often were zero(4-14) and because 
the folic acid active compounds normally 
present in blood were presumably not folic 
acid or folinic acid(15). Nevertheless, be- 
cause Clinical folic acid deficiency is probably 
more common than generally appreciated and 
because laboratory means of assessing it are 
few(16), we undertook to evaluate the test 
proposed by Herbert e¢ al.(1,3) and Baker 
et al.(2). In so doing, we found the assay 
they proposed lacked sensitivity at the lower 
levels which were of critical clinical impor- 
tance. We wish to describe herein several 
improvements of the L. casei assay which 
greatly increase its sensitivity and accuracy 


*Suppcerted by grants from Nat. Inst. Arth. & 
Metab. Dis., U.S.P.H.S., Div. Cancer Control & Re- 
search, N.Y.C. Dept. Health, & R. E. Goldberg 
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+t We are grateful to Drs. Lawrence B. Slobody, 
Martin L. Stone, Kenneth R. Crispell, for encourage- 
ment and permission to study their patients, as well 
as Drs. L. R. Wasserman, Mt. Sinai, M. S. Bruno, 
Knickerbecker, L. Thomas and L. Weiner, Bellevue, 
T. S. Spaet and V. Herbert, Montefiore, and A. 
Marcus, Man. V. A. Hospitals; J. M. Herrero for 
technical, and Drs. R. Feldman and P. A. Haddad for 
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and our experience with it in normal and folic 
acid deficient subjects. We found that levels 
in folic acid deficient subjects overlapped 
those of normals to such an extent that the 
assay had no clinical usefulness as a diag- 
nostic test. 


Materials and methods. Maintenance of 
stock culture. Lactobacillus casei ATCC 7469 
was used in these studies, grown on the liver- 
tryptone agar of Nymon and Gortner(17) and 
maintained according to the scheme shown in 
Fig. 1. Three agar stabs, designated as 
monthly stabs, were prepared from the ori- 
ginal culture. One monthly stab was used 
to prepare 4 weekly stabs, and the 2 remain- 
ing monthly stabs refrigerated until used. 
Each week 5 daily stabs were prepared from 
a weekly stab and the latter discarded. The 
remaining weekly stabs were refrigerated un- 
til used. A liquid broth inoculum was pre- 
pared each day from a daily stab, and the lat- 
ter discarded. At end of month an unused 
monthly was employed to make 3 new 
monthly stabs and the scheme repeated. 
Spares were kept several months to be used 
in case of contamination in subcultures. 
Inoculum preparation. For liquid broth in- 
oculum, 10 ml of skim milk medium previ- 
ously described was used(18). <A transfer 
from the daily agar stab was allowed to in- 
cubate at 37°C overnight (16-18 hours). 0.2 
ml of uniformly suspended broth culture was 
transferred to a tube containing 6 ml of single 
strength assay medium to which 200 pug folic 
acid had been added. This was allowed to in- 
cubate at 37°C for about 6 hours until O.D. 
of 0.1 to 0.12 was obtained in Coleman Jr. 
spectrophotometer at 660 mp. The culture 
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FIG. 1. Scheme for maintenance of LD. casei on 


agar to insure culture stability. 


was then centrifuged at 3000 rpm for 6 min- 
utes, the supernatant discarded, and the bac- 
teria resuspended in 6 ml sterile saline. A 
suitable aliquot was then diluted 10-fold with 
sterile saline. One drop of the latter was 
used to inoculate each assay tube. Prepara- 
tion of samples. Venous blood was obtained 
from subjects in preprandial state and allowed 
to clot. Serum separated, was stored at —20°C 
until used. Serum was diluted 1:100 with 
phosphate-ascorbic acid buffer of Toennies et 
al.(19), incubated at 37°C for 90 minutes and 
autoclaved for 2'4 minutes at 15 lb. pressure 
to precipitate protein. The clear supernatant 
when added to the assay tubes in amounts of 
0.2, 0.5 and 0.8 ml provided dilutions of ori- 
ginal serum of 1:500, 1:200 and 1:125 re- 
spectively. This compared with 1:20, 1:10 
and 1:5 dilutions of original serum added to 
assay tubes by Baker ef al.(2). Assay me- 
dium and procedure. The modified medium 
of Toennies et al.(19,20) was used. Assay 
was carried out in a total of 2 ml of liquid. 
This was found to increase its sensitivity. 0.2, 
0.5, and 0.8 ml of serum sample prepared as 
above and sufficient distilled water to make 1 
ml were added to duplicate 13 x 100 mm test 
tubes containing 1 ml of medium. For stand- 
ard curve, folic acid was used at levels of 30, 
50, 70, 100, 150, 200, 250, 300, 400 and 500 
ppg per tube. Tubes were covered with alu- 
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minum caps, autoclaved at 15 Ib. pressure for 
2) minutes, inoculated after cooling and al- 
lowed to incubate at 37°C for 16 hours. Tur- 
bidity was then read in a Coleman Jr. spec- 
trophotometer at 660 mp. The standard 
curve was plotted on semilogarithmic paper. 
Clinical material. Subjects classified as nor- 
mal included laboratory personnel and clinic 
patients who showed no signs of malnutrition 
and had normal hemograms. Subjects clas- 
sified as folic acid deficient had macrocytic 
anemia, various degrees of megaloblastic 
erythroid and myeloid changes in their bone 
marrow, and made a classical reticulocyte, 
erythrocyte and hemoglobin response to less 
than 0.8 mg of folic acid per day(21,22). All 
folic acid deficient patients excreted signifi- 
cantly increased amounts of urinary formi- 
minoglutamic acid after a 72 hour 15 g L- 
histidine monohydrochloride metabolic load 
(OD 

Results. Comparison of standard curves 
obtained using the method described here 
with that of Toennies et al.(19,20) and that 
of Baker e¢ al.(2) are shown in Fig. 2. The 
greatest sensitivity was obtained with our 
method. The straight line portion of the 
curve extends from 30 to 500 pug per tube. 
The assay method of Baker et al.(2) is least 
sensitive because the usable portion of the 
curve extends from 300 to 3000 pug per tube. 

Serum levels. Serum folic acid activity de- 
termined by our method in normal adults, 


® THIS METHOD 
x TOENNIES ET AL 
50 & BAKER ET AL 
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FIG. 2. Comparison of standard curves obtained 
by this method with that of Toennies ef al. and 
Baker et al. Folie acid concentration expressed in 
ppg/assay tube; vol/tube our method, 2 ml; Toen- 
nies et al., 6 ml; Baker et al., 10 ml. 
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TABLE TI. Serum Folic Acid Activity in Normal 
and Folie Acid Deficient Subjects Determined by 
Improved L. casei Assay. 


= myug/ml——— 
No.of Mean and 
subjects SD Range 
Adults: 
Normal 38 15.9+ 9.5 4.0- 45.6 
Folie acid deficient 30 99+ 6.4 2.4- 31.5 
Pregnant women: 
Normal 10 17.3 = 6.5 9.5- 28:3 
Folie acid deficient 10 10.24 5.4 3.8- 22.8 
Normal infants and 40 27.5 +33.8 2.7-201 2 


children (5 wk to 
3 yr) 


* S$:D: = stand. dey. 


normal pregnant women in the last trimester 
of pregnancy, and normal infants from 5 
weeks to 3 years of age is shown in Table I. 
Range of values found in each group was 
wide, for example, varying from 4.0 to 45.6 
myg/ml in normal adults. Mean level for 
normal pregnant women in the last trimester 
did not differ significantly from normal adults. 
The greatest variation occurred in normal in- 
fants, 5 weeks to 3 vears of age, in whom lev- 
els from 2.7 to 201.2 mpg/ml were found. 
The mean level in this age group tended to be 
higher than in the other 2 groups. 

In folic acid deficient adults and pregnant 
women mean levels of 9.9 and 10.2 myug/ml 
respectively were moderately lower than mean 
value in corresponding normal subjects. How- 
ever, the variation in serum folic acid activity 
in these deficient individuals was as great as 
in normals, 2.4 to 31.5 myg/ml and 3.8 to 
22.8 mug/ml respectively. 

Discussion. ‘The improved assay method 
for serum folic acid activity described here 
has several advantages over previously de- 
scribed procedures. Maintenance of the cul- 
ture in the prescribed manner on agar stabi- 
lizes growth characteristics of the organism so 
that consistently good standard curves are 
obtained. When the stock culture is main- 
tained through broth transfer as recom- 
mended by Baker et al.(2), the organism 
eventually loses its folic acid requirement and 
considerable growth occurs in the growth con- 
trol tubes containing no folic acid. The fur- 
ther modification of reducing the assay cul- 
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ture volume from 10(2) to 2 ml, permits ex- 
tension of sensitivity from 300 pyug(2) to 30 
ppg/tube. This makes possible more accur- 
ate assessment of serum folic acid activity in 
the low ranges. It is here that precise meas- 
urement is important to evaluate the possible 
clinical significance of this serum determina- 
tion. The 10-fold increase in sensitivity also 
allows performance of an accurate assay on 
0.1 ml of serum. This micromethod modifica- 
tion is of practical clinical advantage when 
larger amounts of serum are not obtainable. 


Drs. Usdin and Toennies assayed serum of 
laboratory personnel at the Inst. of Cancer 
Research, Philadelphia, Pa., for folic acid ac- 
tivity with their L. casei method and have 
kindly allowed us to quote their unpublished 
results. These workers found serum folic 
activity to range from 2.65 to 10.6 mug/ml 
with a mean of 5.49 and a standard deviation 
of + 2.42 myg/ml. These results are in 
agreement with our experience. 


All the above results are contrary to those 
reported by Herbert e¢ al.(1,3) and Baker 
et al.(2) in which a serum folic acid activity 
level below 7.5 mug/ml by L. casei was con- 
sistently associated with clinical folic acid de- 
ficiency. Furthermore, the wide overlap of 
serum folic acid activity among normal sub- 
jects and folic acid deficient patients found 
in our studies makes this determination of lit- 
tle value as an index of folic acid deficiency. 


Baker e¢ al.(10,12,14) using a thermophile, 
Bacillus coagulans, assay, which presumably 
measures the same compounds as L. casei(2), 
found no correlation between serum folic 
acid activity and anemia in pregnant women. 
More recently, Baker e¢ al.(24) reported se- 
rum folic acid activity by L. casei assay of 
normal pregnant women to range from 1 to 
100 myg/ml. Similarly the cord serum ‘“‘ac- 
tivity” of normal newborns varied from 2.5 
to 250 mug/ml. These findings, more in con- 
formity with our own results in normal adults, 
young infants and children, also cast doubt 
on the usefulness of this assay as a criterion 
of folic acid deficiency. 

Summary. 1) An improved L. casei assay 
procedure for serum folic acid activity -is 
described. Its range of usefulness over previ- 
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ous procedures is increased because of greater 
sensitivity, better accuracy in lower ranges, 
stability of test organism and micromethod 
applicability. 2) With this improved assay, 
the overlap of serum folic acid activity levels 
among normal subjects and folic acid deficient 
patients is so great that this determination 
has no value as an index of folic acid defi- 
ciency. 
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Effects of DDD on Steroid Response and Blood Flow Through the Adrenal 


After ACTH.* 


JoHN NICHOLS AND ALFRED W. RICHARDSON 


(25901) 


(Introduced by J. R. Carter) 


(With assistance of Chester Crawford) 
Depts. of Pathology and Oncology, University of Kansas School of Medicine and of Physiology, 
St. Louis University School of Medicine 


The effects of ACTH in increasing corticos- 
teroid secretion of the adrenal cortex and 
blood flow through the gland have been re- 
ported. That these 2 responses are not di- 
rectly related does not seem to be commonly 
known. This paper records the dissociation of 
these phenomena and sets forth some quanti- 
tative measurements on vascular reaction. 
Administration of DDD (2,2-bis(parachloro- 
phenyl)-1,1-dichloroethane) causes a de- 
creased secretion of 17-hydroxycorticosteroids 


* This study was supported by U.S.P.H.S. grant. 


and the adrenal becomes refractory to stimu- 
lus from ACTH. However, in doses sufficient 
to prevent steroid formation, DDD does not 
affect vascular responses of the gland. These 
findings are considered important because 
some isomers of DDD are being used cur- 
rently in human therapy(1). 

Method. Data were derived from 185 mon- 
grel dogs of both sexes. The preparation of 
DDD used was purchased commercially, and 
reportedly contains approximately 90% of the 
p,p’-isomer and 5-7% of the o,p’-isomer(2). 
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FIG. 1. Calibrations of electromagnetie blood- 


flow meter, using 3 gain settings shown as plots A, 
B, and C. Gain setting for these studies approxi- 
mated plot A. 

FIG. 2. A typical adrenal blood flow response to 
administration of ACTH (25 units) after admin- 
istration of sufficient DDD (condition A) to pro- 
hibit release of 17-hydroxycorticosteroids. This 
flow response to ACTH was not significantly differ- 
ent from that of dogs untreated by DDD, or from 
that of dogs treated by DDD in condition B as 
described. 

FIG. 3. Graphic representation of 17-hydroxy- 
corticosteroid response caleulated as pg secreted 
per min. by adrenal of dogs after inj. of 25 units 
of Armour ACTH lyophilized powder. Dog ‘‘A’’ 
has been pretreated with 200 mg/kg of DDD once 
daily for 3 days. Note that low resting rate does 
not change after ACTH though there occurs a 
marked increase in blood flow (Fig. 1) and the 
gland is histologically normal. Dog ‘‘B’’ repre- 
sents a similar response of a dog pretreated 3 days 
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with 200 mg/kg of DDD and allowed 18 days to 
recover. This is a normal steroid response to 
ACTH despite the fact that adrenal shows definite 
histological changes characteristic of DDD. 


In our experience the more potent o,p’- and 
m,p’-isomers do not have great advantage over 
commercial preparations in the dog(3). Eight 
male dogs weighing 10-15 kg were fed 200 
mg/kg of DDD powder in gelatine capsules 
once daily for 3 days. They were then anes- 
thetized with Suritalt and the adrenal vein 
cannulated by the method of Hume and Nel- 
son(4). On the day following operation the 
dogs were awake and in apparent good condi- 
tion. They were again lightly anesthetized, 
the indwelling cannula flushed with heparin- 
saline solution, and the choker on the caval 
side of adrenal closed. All blood emerging 
from the cannula in the lumbo-adrenal vein 
was effluvent having passed through the 
adrenal. The dog was then heparinized and 
adrenal effluvent blood directed through an 
electromagnetic flow meter(5). To achieve 
the high flow sensitivity required in these 
studies, the flowmeter output was taken 
through a Brush DC amplifier into an Ester- 
line-Angus 1500 ohm, 1 milliampere, recorder 
by using an impedance matching network. As 
a result of the modification, for 30 minutes on 
some occasions, the zero base line was known 
to shift from 0.1 to 3% of full scale allowing 
an error of less than 0.3 ml/min in actual 
measurement. For a flow of 6 ml/minute this 
entailed a possible error of 5% or less. Since 
all errors of zero shift were apparent by a 
zero check, this did not influence our meas- 
urements, but it was an inherent factor in the 
observations. All blood flow measurements 
reported here were calibrated and rechecked 
by an actual venous outflow technic through 
the cannula pickup, both for zero setting and 
flow responses, rather than chance employ- 
ment of a synthetic flow system, alone. Rep- 
resentative samples of flowmeter calibrations 
are shown as 3 plots in Fig. 1. Experimental 
data were obtained in both DDD-fed and nor- 
mal dogs by collection of one-minute flow sam- 
ples of blood into centrifuge tubes which sub- 
sequently were analyzed for 17-hydroxycorti- 


t Surital kindly provided by Parke Davis and Co. 
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costeroids by a modification of the Nelson 
and Samuels(6) method. After about 5 min- 
utes of control flow 25 units of Armour lyo- 
phylized ACTH powder (U.S.P.) was dis- 
solved in saline and immediately injected into 
a peripheral vein. Collection of minute sam- 
ples of blood was continued for the next 20 
minutes as the graphic pattern of blood flow 
was recorded. 

Results. Blood flow results in all 8 dogs 
were remarkably similar, i.e., within 2-5 min- 
utes blood flow markedly increased to attain 
a maximum within about 8-15 minutes to 260- 
400% of control blood flow, whereupon a 
gradual decline was observed requiring 5-10 
minutes to attain pre-ACTH values, a total 
reaction time of 15 to 30 minutes. A repre- 
sentative tracing of this phenomenon (Dog-A) 
is shown in Fig. 2. Similar data were observed 
in control dogs. In contrast, 17-hydroxycorti- 
costeroid secretory rate (0.6 »g/minute) con- 
tinued unchanged at a basal rate throughout 
entire period of vascular response (Fig. 3). 
Thirty minutes after injection of ACTH the 
dog was killed, adrenals fixed in Zenker’s solu- 
tion, sectioned, stained and examined micro- 
scopically. 

Five male dogs weighing 10-15 kg were fed 
200 mg/kg of dry technical DDD powder in 
gelatine capsules once daily for 3 days only 
and 16-18 days later were treated as the dogs 
in the previous group. When 25 units of 
ACTH were injected a marked vascular re- 
sponse was obtained in each dog which simu- 
lated that of untreated dogs. Blood 17-hy- 
droxycorticosteroids showed the usual normal 
resting secretory rate of 4.5 »g/minute which 
increased to 17 »g/minute at the end of 12 
minutes. Return to essentially normal secre- 
tory rates of 7.1 »g/minute was effected in 20 
minutes. This is a normal response as to 
time and magnitude when compared with 25 
normal untreated dogs. Microscopic exam- 
ination of adrenals from this group of dogs 
showed a uniform mild-early-atrophic change, 
consisting of a slight lymphocytic infiltration 
of the outer layers of the zona fasciculata to- 
gether with an accumulation of lipids in large 
vacuoles of the parenchymal cells which 
pushed the nuclei of many cells to the peri- 


phery. Nuclei were small, somewhat pyk- 
notic, and stained deeply basophilic. These 
are the very definite changes of early response 


of adrenal cortex to this compound. 


Discussion. The foregoing shows that 3 
days of administration of DDD to dogs re- 
sulted in the adrenals secreting 17-hydroxy- 
corticosteroids at a very low rate, which did 
not increase with administration of ACTH, 
while the gland responded to ACTH with the 
usual increase of blood flow. These glands 
were histologically “normal” hemodynami- 
cally normal, but dysfunctional biochemically. 
Administration of 3 similar doses of DDD to 
dogs resulted in adrenals showing early histo- 
logical change after 18 days on normal diet, 
yet these glands were secreting 17-hydroxy- 
corticosteroids at a normal rate and responded 
in a normal fashion to ACTH. The anatomi- 
cal change in these latter glands did not pre- 
vent the usual vascular response, suggesting 
that site of vascular response to ACTH may 
be in the vessels of the medulla or in the extra- 
capsular vessels. It also would suggest that 
ACTH may have an extra “vasodilating com- 
ponent” separate from the “steroid releasing 
and/or steroid forming component.” Such 
conclusions must be guarded, however, be- 
cause the ACTH used was the relatively im- 
pure clinical preparation and doses were 
grossly pharmacologic. However, in sepa- 
rate experiments(unpublished), occasional in- 
creases up to 150% of control blood flow have 
been obtained with dog ACTH in doses of 
0.005 unit. This would tend to minimize 
the dose and species problem. The vasodi- 
lator effect must be relatively specific for 
adrenal vasculature because a separate set of 
studies has been carried out by injecting 
standardized units of ACTH in the femoral 
artery of dogs and comparing response with 
the action of mecholyl. In the periphery, 
ACTH acts as a mild vasodilator, but its re- 
sponse is of low magnitude and low duration. 
Femoral flow increased less than 15% (115% 
of control) and lasted less than 20 seconds 
with the standardized dosage. Any detectable 
response in the dog limb is completed in less 
than 30 seconds. Intravenous injection has 
less effect on peripheral blood flow response 
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than intra-arterial injection, as would be an- 
ticipated. On the other hand, standardized 
intravenous injection of epinephrine (1-20 
pg) and mecholyl (.1-1.0 pg) produced little 
or no detectable flow response through the 
adrenal gland (mecholyl demonstrated a 
barely discernible flow increase at higher dos- 
ages of 10 pg). This readily apparent dif- 
ference in vascular response from ACTH, 
epinephrine, and mecholy] in the adrenal vas- 
culature as compared to the periphery de- 
serves a more thorough study. 

The histological finding that a ‘‘normal” 
gland, as revealed by microscopic examination 
of a hematoxylin and eosin preparation, does 
not secrete 17-hydroxycorticosteroids and is 
refractory to ACTH raises doubts as to the 
validity of many conclusions based on only 
microscopic appearances. It indicates that 
action of DDD has a latent period and em- 
phasizes the uncertainty of judging the secre- 
tory status of the adrenal from microscopic 
examination. The finding that after 18 days 
a normal secretory pattern and response to 
ACTH is present in dog adrenals with cyto- 
logical change is particularly interesting since 
Vilar and Tullner(7) have shown that after 4 
days treatment with the o,p’-isomer histologi- 
cal changes are apparent, and secretion of cor- 
ticosteroids is depressed, indicating that se- 
cretory capacity recovers while mild _histo- 
logical alteration continues. This delayed his- 
tological change from 3 doses of technical 
DDD has not heretofore been reported. 

Conclusions. Technical DDD fed to dogs 
in 200 mg/kg doses once daily for 3 days re- 
sulted in histologically normal adrenal glands 
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which responded to ACTH with the expected 
increase in blood flow, but demonstrated a 
low resting secretion rate of 17-hydroxycorti- 
costeroids, which did not increase after admin- 
istration of ACTH. Dogs fed a similar 3 
doses and allowed to continue normal diet for 
18 days showed adrenals with definite changes 
in the cortex which did respond to ACTH with 
the expected increase of steroid secretion but 
showed usual increase in blood flow. These 
data are interpreted to mean that the vaso- 
dilating factor of commercial ACTH is sepa- 
rate from steroid formation and/or releasing 
factor(s) and possibly the vasodilating factor 
may act on medullary or extracapsular vascu- 
lature. Capacity of the cortical parenchymal 
cells to form and/or release 17-hydroxycorti- 
costeroids, as influenced by DDD, does not 
parallel histological changes observed in 
standard hematoxylin and eosin preparations. 
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ALFRED F. Harris, ABRAHAM SAIFER AND BRUNO W. VoLk 
Isaac Albert Research Inst., Jewish Chronic Disease Hospital, Brooklyn, N. Y. 


LeBlanc(1,2) has shown that chlorproma- 
zine can destroy the mast cell, and has sug- 
gested that some of the effects of this drug 


* Supported by grants from National Tay-Sachs 
Assn. and U.S.P.HS. 


may be due to release of histamine and sero- 
tonin from that cell. The mast cell is also 
considered to be the site of heparin produc- 
tion(3). During recent study concerned with 
metachromasy of brain ganglioside, strandin 
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(4), the similarity in structure between thia- 
zine dyes and phenothiazine drugs was noted. 
Aggregation and micelle formation among 
metachromatic dyes is a well known phenome- 
non(5). Scholtan(6) studied aggregation 
among phenothiazine derivatives which con- 
tain alkylated ammonium groups, and con- 
cluded that these compounds behave as col- 
loidal electrolytes in solution. Our prelimi- 
nary experiments indicated that heparin and 
chrondroitin sulfate interact with some phe- 
nothiazine tranquilizers to form products of 
visible turbidity. In addition, strandin and 
the sulfated mucopolysaccharides (heparin 
and chondroitin sulfate) share certain com- 
mon biochemical properties, such as inhibi- 
tion of clotting mechanism(7,8), metachro- 
masy (4,8) and interaction with basic proteins 
(9). It was considered of interest to deter- 
mine whether a reaction occurs between phe- 
nothiazine tranquilizers and strandin. 
Materials and methods. 1. The brain gan- 
glioside, strandin, was extracted from the cor- 
tical gray matter of a case of Tay Sachs’ dis- 
ease, by the method of Folch, Lees and 
Sloane-Stanley(10). Tissue was maintained 
at —8°F in the deep freeze, prior to extraction. 
Strandin was analysed by the neuraminic acid 
method of Saifer and Gerstenfeld(11), assum- 
ing an average value of 30.5 mg of neuraminic 
acid per 100 mg of strandin(12). 2. Chlor- 
promazine and trifluoperazine (Stelazine) 
were obtained from Smith, Kline and French 
Laboratories, Philadelphia, Pa.t 3. Heparin 
(Sodium salt, 100 International Units per 
mg) was obtained from Connaught Medical 
Research Labs., Univ. of Toronto, Canada. 
4. Chondroitin sulfate (CSA) was obtained 
from Pentex Inc., Kankakee, Ill. 5. Lyso- 
zyme (2X crystallized) was obtained from 
Worthington Biochemicals Corp., Freehold, 
N. J. 6. Toluidine Blue O (Total dye con- 
tent of 94%) was obtained from Nat. Aniline 
Division, Allied Chemical and Dye Corp., 
N.Y. 7. All other chemicals used were of 
reagent grade. 8. All measurements of tur- 
bidity were made using the Bausch and Lomb 


t We thank M. J. Ritchie, Med. Dept., Smith, 
Kline and French Labs., for prcviding a generous 
supply of these compounds. 
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Spectronic-20 spectrophotometer, set at a 
wavelength of 420 my. 9. Measurements of 
metachromasy were made with the same in- 
strument using as an index of metachromasy 
the Optical Density Ratio (O.D.R.), which is 
equal to (O.D. 550/0.D. 635) (4). 10. Meas- 
urements of ultraviolet absorption spectra 
were made with Beckman DU Spectropho- 
tometer. 11. Ultracentrifuge patterns were 
obtained with Spinco Ultracentrifuge-Model 
E, maintained at a velocity of 50,740 rpm, 
at 20°C. 12. Dialysis equilibrium was per- 
formed with “Visking” cellulose casings. 
Chlorpromazine remaining within the sac dur- 
ing period of dialysis was analysed by a col- 
orimetric procedure described below. 


Results. A) Turbidimetric studies. Phe- 
nothiazine derivatives form products of vis- 
ible turbidity with heparin and chondroitin 
sulfate (CSA), quantitatively demonstrated 
in Fig. 1. Increased optical density values 
at 420 mu, indicating increased turbidity, 
were used as the index of this interaction. 
Heparin reacts more readily than CSA, the 
latter requiring addition of a higher concen- 
tration of chlorpromazine before turbidity 
becomes optically apparent. Absorption at 
zero chlorpromazine concentration is due to 
the slight color of concentrated mucopolysac- 
charide solutions and not to turbidity. Quali- 
tatively similar results were obtained with 
stelazine. When strandin (0.87%) is added 
to the heparin-chlorpromazine reaction prod- 
uct, there is a progressive decrease in turbi- 
dity, with increasing concentration of 
strandin, so that on addition of 2.61 mg 
(88 mg%) of strandin turbidity is reduced 
from 0.810 to 0.145, an 82.1% decrease (Fig. 


2A). Upon titration of this system with 
chlorpromazine, turbidity reappears (Fig. 
2B). Similar results were obtained on 


treating chondroitin sulfate-chlorpromazine 
with strandin, turbidity reappearing follow- 
ing titration with chlorpromazine. Results of 
both experiments were duplicated with stela- 
zine. It has been demonstrated that strandin 
interacts with basic proteins(9); and meta- 
chromasy of strandin was found to be ex- 
tremely sensitive to changes in the physico- 
chemical environment(4). Turbidity of the 
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FIG. 1. Interaction of chlorpromazine with heparin (A) and chondroitin sulfate (B). 2 ml 
of a 2% solution of acid mucopolysaccharide was reacted with amount of chlorpromazine indi- 
cated, in water. Vol constant at 3 ml. Temp. 26°C. pH change for heparin system 6.18 to 6.15 
and for CSA 6.10 to 5.80. 

FIG. 2. Reversible repression of heparin-chlorpromazine turbidity. A: 2 ml of 2% heparin 
plus 0.2 ml of 0.4% chlorpromazine plus indicated quantity of strandin (0.87%) in water. Vol 
constant at 3 ml. Temp. 26°C. pH change from 6.50 to 6.20. B: Titration of 2 ml of 2% 
heparin plus 0.2 ml of 0.4% chlorpromazine plus 0.3 ml of 0.87% strandin with chlorpromazine 
(0.4%) in water. Final vol 3.4 ml. Temp. 26°C. No pH change. (Final pH 6.20.) 

FIG. 3. Equilibrium dialysis of chlorpromazine and chlorpromazine-strandin at 4.4°C. 
A: Chlorpromazine-strandin: 2 ml portions of 0.1% chlorpromazine plus 0.87% strandin, each 
dialysed against 30 ml of water. pH change within dialysis sacs was from 6.35 to 6.12. 
B: Chlorpromazine: 2 ml portions of 0.1% chlorpromazine; each dialysed against 30 ml water. 
pH change within dialysis sacs was from 5.42 to 6.51. . 

FIG. 4. Effect of strandin on ultraviolet absorption speetrum of chlorpromazine. A: 0.4 ml 
of 0.35% strandin (1.40 mg) in 10 ml of water. B: 10 ml of chlorpromazine (66.7 vy). CG: Alge- 
braie sum of absorption of A and B, » (A + B). D: 0.4 ml of 0.35% strandin (1.40 mg) plus 
66.7 y of chlorpromazine in 10 ml of water. 
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lysozyme-strandin interaction product is re- 
duced by chlorpromazine. After titration of 
this chlorpromazine-treated system with 
strandin (0.4%) turbidity is partially regen- 
erated. Metachromasy of the toluidine blue 
O-strandin system, as measured by the O.D.R. 
(O.D. 550/0.D. 635) is reduced by about 
71.0% after titration with chlorpromazine. 

B) Equilibrium dialysis. To obtain further 
proof of the proposed interaction between 
chlorpromazine and strandin, 5 (2 ml) solu- 
tions of chlorpromazine and chlorpromazine 
plus strandin were placed in dialysis sacs 
(“Visking” cellulose casing) in 30 ml of 
water. Initial concentration of chlorproma- 
zine was 0.1% (2 mg/2 ml) and 0.87% 
strandin (17.4 mg/2 ml). Internal samples 
were analysed at intervals by the colorimetric 
method of Leach and Crimmin(13), employ- 
ing ferric nitrate as the oxidizing agent and 
reading the resulting red solution at 530 mu 
with the spectrophotometer. Results were 
computed from a standard curve as mg/1] of 
chlorpromazine inside the dialysis sac, then 
converted to percent chlorpromazine retained 
by the sac. The series of experiments con- 
ducted without strandin shows a rapid loss of 
chlorpromazine from the internal phase of the 
system (Fig. 3B), so that only about 7.5% 
remains after the first 20 hours. At end of 
92 hours, the internal phase has retained but 
5.5% of original amount of chlorpromazine. 
In the system which contains strandin (3A), 
marked retention of chlorpromazine occurs. 
Thus in the first 20 hours, this system has re- 
tained 77.5% of the original amount of chlor- 
promazine, and this level of internal concen- 
tration is maintained throughout the remain- 
ing 72 hours of experiment, as indicated by 
analysis of the remaining 4 sacs. 

C) Effect of strandin on ultraviolet absorp- 
tion spectrum of chlorpromazine. Fig. 4A 
shows ultraviolet absorption of 0.4 ml of 
0.35% strandin (1.40 mg) in 10 ml of water. 
At this concentration little absorption is 
demonstrable. Fig. 4B represents absorption 
spectrum of chlorpromazine (66.7 y/10 ml). 
Fig. 4C demonstrates the algebraic sum of A 
(strandin) plus B (chlorpromazine) absorp- 
tion. It is the theoretical absorption which 


should result from a mixture of the 2 sub- 
stances in absence of interaction. The ob- 
served curve resulting from mixture of 0.4 
cc of 0.35% strandin (1.40 mg) in 10 ml of 
water containing 66.7 y of chlorpromazine is 
indicated in Fig. 4D. When compared with 
the theoretical curve (Fig. 4C), maximum op- 
tical density has shifted from 255 mp to 258 
mp. In addition overall absorption in the 
range 257.5 mp to 285 muy is greater than that 
of the theoretical curve. Beyond 275 my the 
changes are small and do not appear to be of 
great significance. The shift in absorption 
maximum of stelazine is greater, shifting from 
256 mp to 266 my for the observed system 
(0.4 ml of 0.35% strandin (1.40 mg) in 10 
ml of stelazine (100 y/10 ml). There is a 
noticeable increase in absorption in the range 
of 262.5 mp to 272.5 mp, in the case of the 
observed as opposed to the theoretical curves. 
Beyond 272.5 my changes are small. 

D) Effect of chlorpromazine on ultracentri- 
fuge pattern of strandin. ‘The following solu- 
tions were analysed in the ultracentrifuge 
(50,740 rpm and 20°C) using an analytical 
cell with a one degree prismatic window. (a) 
0.44% strandin in water adjusted to pH 5.0 
with 0.1N HCl, (b) 0.44% strandin in 0.5% 
chlorpromazine at pH 5.0. The results of 
this experiment are indicated in Fig. 5A and 
5B. Upper portion of the diagrams represents 
the pattern of strandin alone, lower portion 
indicates the pattern resulting from action of 
chlorpromazine. Fig. 5A represents the pat- 
tern at commencement of experiment, and 5B 
the pattern after 64 minutes. 


At beginning of the run, the strandin pat- 
tern shows 2 peaks (a phenomenon not found 
at pH 6.7); after 64 minutes only one peak 
of smaller size is noted. A single large peak 
is found in the chlorpromazine-strandin mix- 
ture at beginning of the run; after 64 minutes 
a peak of medium size is found preceded by a 
shoulder which appears to be coincident with 
that found in the upper pattern representing 
strandin alone. With a solution of 0.5% 
chlorpromazine in water, (pH 6.0), no peaks 
were observed. It seems probable that the 
medium-sized peak, shown by the strandin- 
chlorpromazine mixture (5B), represents a 
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FIG. 5. Ultracentrifuge patterns of strandin (up- 
per) and strandin plus chlorpromazine (lower), 
taken at commencement of run (5A) and after 64 
min. (5B). Samples were spun at 50,740 rpm at 
20°C. Strandin solution consists of 0.44% of the 
ganglioside in water at pH 5. Mixture consists of 
0.44% strandin in 0.5% chlorpromazine at pH 5. 
The arrow above the abscissa indicates the direc- 
tion of movement of sedimenting boundary. 
slow moving complex of strandin with chlor- 
promazine. 

Discussion. Chlorpromazine functions as 
an inhibitor of a number of enzyme systems. 
Thus it suppresses oxidative phosphorylation 
(14), cytochrome oxidase(14) ATPase(14) 
and D-amino acid oxidase(15). Yagi has pre- 
sented evidence indicating that complex for- 
mation occurs between chlorpromazine and 
flavine adenine dinucleotide(16). LeBlanc 
(1,2) has indicated that chlorpromazine can 
destroy the mast cell. The present studies 
suggest that chlorpromazine and stelazine can 
interact with heparin and CSA to form prod- 
ucts of visible turbidity. 

Little is known concerning the physiological 
function of strandin, aside from its inhibition 
of the blood clotting mechanism(8) and in- 
fluenza virus hemagglutination(17). It re- 
acts with basic dyes(4) and basic proteins 
(9), most probably vza the carboxyl groups of 
the neuraminic acid moiety of the molecule. 
It seems likely that this grouping is responsi- 
ble for its interaction with chlorpromazine, the 
latter reacting via its positively charged nitro- 
gen. This, however, is speculative, and fur- 
ther evidence will be required to ascertain the 
nature of the bond existing between these sub- 
stances. Interaction of strandin with chlor- 
promazine and stelazine may have a bearing 
on mode of pharmacological activity of the 
phenothiazine derivatives. It is thought that 
these drugs primarily act on the midbrain 
(18). Since concentration of strandin is 
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greater in the gray matter of the cortex, the 
presence of strandin may serve to protect the 
cells of the cortex from the drug. 

Summary. 1) Chlorpromazine and stela- 
zine interact with heparin and CSA to form 
products of visible turbidity. This turbidity 
is reduced by strandin, and reappears on re- 
addition of phenothiazine. 2) Chlorproma- 
zine reduces turbidity of the strandin-lyso- 
zyme interaction product, turbidity of which 
may be regenerated by subsequent addition of 
strandin. It also destroys metachromasy of 
the toluidine blue O-strandin system. 3) 
Equilibrium dialysis of chlorpromazine solu- 
tions and chlorpromazine-strandin solutions 
indicates good retention of chlorpromazine in 
the system containing strandin. 4) Strandin 
alters U.V. absorption spectrum of chlorpro- 
mazine and, more markedly, that of stelazine. 
5) Ultracentrifuge studies indicate presence 
of slow moving peak in the strandin-chlorpro- 
mazine system, which may represent strandin- 
chlorpromazine interaction product. 
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Microbial Resistance to Penicillin as Related to Penicillinase or Penicillin 


Acylase Activity. 


(25903) 


ARTHUR R. ENGLISH, Tom J. McBripe anp H. T. Huanc 
Research Labs., Chas. Pfizer and Co., Maywood, N. J., and Groton, Conn. 


Presence of enzyme penicillinase that spe- 
cifically destroys penicillin activity by degra- 
dation to inactive penicilloic acid, offers a 
ready explanation for resistance of certain mi- 
croorganisms to this antibiotic. With recent 
discovery(1) that many microorganisms are 
able to cleave the acyl group in penicillin G, 
to yield the relatively inactive moiety 6- 
aminopenicillanic acid (6-APA), still another 
mechanism for penicillin resistance became 
apparent. A number of bacteria are reported 
here to relate their resistance to penicillin to 
either penicillinase or penicillin acylase activ- 
ity. 

Results. It is obvious that 6-APA pos- 
sesses definite antibacterial properties, but to 
a much less degree than penicillin G (Table 
I). Comparative values expressed as mini- 
mum inhibitory concentration (MIC) in pg/ 
ml in Table I indicate that 6-APA is 4166-fold 
to 390-fold less active than penicillin G when 
tested in vitro against a series of Gram posi- 
tive bacterial genera. Although the differ- 
ences against the Gram negative bacteria 
are not so striking, 6-APA is 2-fold to 10- 
fold less active than penicillin G.  Dif- 
ferences in activity similar to this were ob- 
tained in vivo. At concentrations of 200 mg/ 
kg 6-APA failed to protect mice against ex- 
perimental Staphylococcus aureus infections, 
and levels of 50 mg/kg against Streptococcus 
pyogenes infections offered no protection. In 
contrast, penicillins G and V were highly ef- 
fective (Table I). 

The relationship of MIC to penicillin, and 
presence or absence of penicillinase or penicil- 
lin acylase activity, for a number of different 
bacteria are shown in Table IJ. After an av- 
erage MIC for penicillin was established, bac- 


terial cells of each culture were examined for 
presence of penicillin acylase activity, i.e., hy- 
drolytic conversion of penicillin G to 6-APA, 
by the chromatographic procedure described 
by Batchelor(2). In addition, supernates 
were examined by several methods for evi- 
dence of biological inactivation of penicillin. 
In one system sterile filtrates of 24 hour cul- 
tures were achieved by passage through sin- 


TABLE I. Comparison of Activity of 6-Amino- 
penicillanie Acid and Penicillin G. 


I. In Vitro MIC, wg/ml* 
6-Aminopeni- Penicillin 
Microorganism cillanie acid G 
Staphylococcus aureus 125 08 
Streptococcus pyogenes 15.6 .006 
aA faecalis 250 16 
Diplococcus pneumoniae 250 0078 
Erysipelothriz rhusiopathiae 125 .08 
Corynebacterium diphtheriae 31.2 09 
Bacillus subtilis 62.5 02 
# cereus 125 04 
Aerobacter aerogenes 62.5 25 
Escherichia coli 6.25 25 
Proteus vulgaris 250 25 
Pseudomonas aeruginosa 250 100 
Salmonella typhosa 125 12.5 
ue pullorum 62.5 12.5 
Klebsiella pnewmoniae 62.5 12.5 
Neisseria gonorrheae 1.9 19 
Shigella sonnet 125 50 
Brucella bronchiseptica 125 100 
Il. In Vivo PD5, mg/kg 
6-Aminopeni- 
cillanie acid Penicillint 
Infection in micet Oral Vs Oral LV. 
Staphylococcus aureus >200 >200 Tes) offs 
Streptococcus pyogenes >d0  >50 ae) 6 
* 9-fold 10 tube serial dilution technic—MIC read 


efter 20 hr incubation at 37°C. 

+ Penicillin V used orally; penicillin G@ used in- 
travenously. 

{ Intraper. infection—treatment started ¥% hr 
later—single dose. PD5) calculated after 96 hr. 
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tered glass filters. Streptococcus pyogenes 
ATCC 8668, highly sensitive to penicillin and 
free from penicillin acylase activity, was sus- 
pended in this filtrate. This served as inocu- 
lum in a 2-fold serial dilution test with a 
penicillin concentration of 100 pg/ml in the 
first tube. If no penicillin-inactivating en- 
zymes were present in the supernatant broth, 
the resulting MIC of penicillin for this or- 
ganism was 0.006 pg/ml. If such enzymes 
were present, the resulting MIC would be con- 
siderably higher than 0.006 pg/ml. 

A second method made use of a modified 
Gots technic(3). An inhibitory concentration 
of penicillin (0.312 »g/ml) was incorporated 
into brain heart agar plate with Staph. aureus 
(penicillin sensitive). If a sterile paper disc 
moistened with a broth containing penicillin- 
inactivating enzymes is placed on the surface 
of such a plate, enzyme activity diffuses into 
the medium, penicillin is inactivated, and a 
halo zone of growth occurs. It is probable 
that both penicillinase and penicillin acylase 
activity in a broth would appear as positive 
by these technics. However, 18-24 hour 
broths from cultures known to contain peni- 
cillin acylase activity as determined by the 
chromatographic procedure, failed to produce 
a positive test in either the broth or plates 
technics. As an explanation, additional studies 
indicated that under our experimental condi- 
tions, penicillin acylase activity is more in- 
tracellular than that of penicillinase. Hence, 
such broth filtrates as above contained little 
if any, penicillin acylase activity. It is there- 
fore assumed that inactivation of penicillin re- 
sulted from the action of penicillinase. In ad- 
dition, probably the actual quantitative 
amount of penicillin acylase activity present 
is important. 

As indicated for bacteria presented in sec- 
tion I of Table IJ, penicillinase activity was 
not detected. However, all contained peni- 
cillin acylase activity. Therefore, resistance 
to penicillin in these cultures can be explained 
by conversion of the highly-active penicillin to 
the considerably less active 6APA. As shown 
for these bacteria in section II of Table II, 
penicillin acylase activity was not detected. 
However, in each instance penicillinase activ- 
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TABLE II. Penicillinase and Penicillin Acylase 
Profiles of Microorganisms Resistant to Penicillin. 


Presence of 


So 8 iq 
ee ep aS Sone 
wee 2s} Son (OS B54 

oe Nee epee Felt 
; ; SE tee Sra Se. ore 
Microorganism 474° asia, Maw Was 
Section I 
Acrobacter aero- 3 25 Neg Pos 
genes 
Escherichia coli 5 25-50 % fh 
Proteus vulgaris + 25-50 : u 
Pseudomonas aeru- 2 25-50 x x 
ginosa 
Pseudomonas phase- 1 100 mH g 
olicola 
Section IL 
Escherichia coli 5) 25-50 Pos Neg 
Pseudomonas aeru- 2 25-50 “e i 
ginosa 
Aerobacter aero- 1 25 # 
genes 
Section III 
Proteus vulgaris 3 25 Neg ns 
Escherichia coli 2 25-50 4 on 
Pseudomonas aeru- 3 25-50 re 
ginosa 
Section IV 
Staphylococcus 1 > 100 ae a 
aureus, penicil- 
lin resistant 
Staphylococcus 10 >100 Pos a 
aureus, clinical 
isolates, penicil- 
lin resistant 
Streptococcus pyo- 2 .006 Neg ‘ 
genes 
Staphylococcus 3 .0156 le 2 
aureus 
Diplococcus pneu- 3 .0078 zs uF 
moniae 


ity was present. Penicillinase production by 
Gram negative bacteria including the repre- 
sentative genera in Table II has been reported 
by a number of authors(4,5). 

Although one might suspect the presence of 
both penicillinase and penicillin acylase ac- 
tivities in the same microorganism, such was 
not detected in any of those listed. Since 
there seems to be no logical explanation that 
would negate such a possibility, our studies 
are continuing. 


The fact that still another metabolic 
mechanism or mechanisms in addition to that 
of penicillinase and penicillin acylase activity, 
confers resistance to penicillin is shown by the 
bacteria in section III of Table II. Although 
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resistant to large concentrations of penicillin, 
neither penicillinase nor penicillin acylase ac- 
tivity was detected in these microorganisms. 
In contrast, the usual Gram positive bacteria 
have a similar profile, neither penicillinase nor 
penicillin acylase activity. However, these 
microorganisms are sensitive to low concen- 
trations of penicillin (section IV, Table I1). 

It is apparent that presence or absence of 
penicillinase and penicillin acylase activity is 
not strictly related to MIC values for penicil- 
lin. These values remain constant for differ- 
ent genera listed in categories I, II, and III, 
and appear independent of presence or ab- 
sence of penicillinase or penicillin acylase ac- 
tivity. Probably the final effect of penicillin 
(as indicated by the MIC value), penicillinase 
and penicillin acylase actions depends upon 
the killing rate of penicillin and enzyme pro- 
duction rate. The latter must not be rapid 
enough and is probably not produced in suf- 
ficient amount to interfere drastically with 
penicillin action. 

Penicillin resistant Staph. aureus, IV of 
Table II, is resistant to penicillin and was ob- 
tained by selection in the laboratory technic 
of serial transfer in presence of gradually-in- 
creasing concentrations of penicillin. Such 
strains usually differ from penicillin-resistant 
clinical isolates because they fail to show the 
presence of penicillinase. Penicillin-resistant 
strains obtained from patients do contain peni- 
cillinase(6). This is shown in IV, Table II. 
The presence of penicillin acylase activity was 
anticipated in such laboratory-developed peni- 
cillin-resistant strains. Such activity has not 
been detected. Some mechanism other than 
penicillinase or penicillin acylase activity is 
indicated. 
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It is of interest to note the strain specificity 
relevant to the source of penicillinase or peni- 
cillin acylase activity. Various strains of Es- 
cherichia coli and Pseudomonas appear in 3 
of the classifications in Table II; Aerobacter 
aerogenes appears in 2, etc. 


Summary. 1. The penicillin moiety, 6- 
aminopenicillanic acid, has antibacterial ac- 
tivity but is considerably less active than 
penicillin. 2. Resistance to penicillin in one 
group of bacteria could be explained logically 
by presence of penicillinase activity, 7.e., con- 
version of penicillin to the inactive penicilloic 
acid. 3. Resistance to penicillin in a second 
group of bacteria could be explained logically 
by presence of penicillin acylase activity, i.e., 
conversion of penicillin to the relatively inac- 
tive 6-aminopenicillanic acid. 4. In a third 
group of bacteria resistant to penicillin, nei- 
ther penicillinase nor penicillin acylase activ- 
ity could be detected. Still another metabolic 
mechanism other than penicillinase or peni- 
cillin acylase activity must be present in se- 
lected bacteria. 
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Antagonism of Phospholine (Echothiophate) Iodide* by Certain 


Quaternary Oximes. 


(25904 ) 


RosBert A. LEHMAN AND MaAupbE E. NICHOLLS 
Research Labs., Campbell Pharmaceuticals, N. Y. City 


It was previously reported that 2 oximes 
bearing quaternary nitrogen atoms were 
highly effective against Phospholine Iodide 
toxicity when both were injected intraperi- 
toneally in the mouse(1). These compounds 
were Protopam Iodide (pralidoxime iodide, 
2-PAM, 2-pyridine aldoxime methiodide) and 
TMB4 (1, 1’-trimethylene-bis (4-formylpyri- 
dinium bromide)dioxime). Phospholine is 
under investigation in treatment of myas- 
thenia gravis(2) and systemic actions have 
been observed during its use as a topical mi- 
otic in glaucoma(3). Hence it appeared im- 
portant to investigate its relationship to the 
oximes further and to compare antidotal ac- 
tivity of the oximes by oral and parenteral 
administration. TMB4 and Protopam are, 
of course, also of interest in connection with 
poisoning due to anticholinesterases which 
may be used as pesticides or chemical warfare 
agents(4,5). 

Methods. Acute lethal doses were esti- 
mated in white male mice of CF1 strain and 
25 + 5 g in weight. Concentrations were 
such that total solution administered fell be- 
tween 0.1 and 1.5 cc. Doses were spaced in 
most cases by a factor of 1.41 with 5 animals 
at each dose level. Deaths were counted at 
the end of 24 hours but actually 92% of all 
deaths occurred within one hour and 83% 
within 15 minutes. Symptoms came on with- 
in a few minutes and had entirely disappeared 
in animals surviving 24 hours. The LD; and 
its standard error was calculated by the 
method of Miller and Tainter(6). The ex- 
perimental design consisted in estimation of 
the LDs 9 of Phospholine with and without 
administration of a selected dose of antidote. 
Phospholine was always given intraperitone- 
ally. Intraperitoneal injection of an oxime 
was given within a few seconds of Phospho- 
line. Oral administration of an oxime was by 
stomach tube at intervals of 30 minutes to 24 


* Diethoxyphosphinylthiocholine iodide. 


hours before Phospholine. TMB4 was syn- 
thesized by the method of Poziomek and co- 
workers(7) and appeared to be identical with 
a sample kindly supplied by Dr. B. J. Jandorf 
of the U.S. Army Chemical Warfare Labs. 
Protopam Iodide was obtained from Aldrich 
Chemical Co., Inc., Milwaukee, Wis. and re- 
crystallized from aqueous isopropanol: m.p. 
220—2°C decomp.; Ey at 294 mmu, 12,500. 
Protopam Chloride was prepared by passing a 
saturated solution of Protopam Iodide 
through a column of anion exchange resin, 
evaporating the effluent and_ recrystallizing 
from a 1:1 mixture of absolute methanol and 
ethanol; m.p. 229—30°C decomp.; Ey at 294 
mmu, 12,600; analysis, theory N-16.23%, Cl- 
20.53%, found N-15.94%, Cl-20.40%. 

Results. The LDs59 of Phospholine after 
oral or intraperitoneal administration of ox- 
imes is given in Table I. Slopes for dosage 
mortality curves in units of logarithms and 
probits are given for each LDs9. The control 
LDs;» for Phospholine Iodide without oximes 
was taken as 0.229 + 0.0057 which is a 
weighted mean of 9 determinations. Range 
was from 0.200 + 0.013 to 0.256 + 0.019. 
Slopes ranged from 8.5 to 16.1 with a mean 
of 12.0. 


Lethal doses of Protopam Iodide and Chlor- 
ide were respectively 235 + 32 mg/kg (.91 + 
.12 millimol/kg) and 205 + 14 mg/kg (1.19, 
+ .081 millimols/kg) by intraperitoneal in- 
jection and ca. 4000 mg/kg (15.2 millimols/ 
kg) and 4100 + 890 mg/kg (23.7 + 5.1 mil- 
limols/kg) by oral administration. The oral 
LDs) of Protopam Iodide could only be 
approximated because of poor water solu- 
bility. As antidotes, the 2 compounds admin- 
istered intraperitoneally at .58 millimol/kg 
raised the LD59 of Phospholine to 12.6 + 1.4 
for the Chloride and 12.8 + 2.1 for the Io- 
dide. In the same way the LD; of Phospho- 
60 minutes after an oral dose of 4.6 milli- 
mols/kg of the Chloride was 5.4 + .86 
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TABLE I. Effect of Oximes on Lethal Dose of Phospholine Todide in the Mouse. 
Time between 
admin. of 
; ‘ Dose of oxime oxime and LD; of Phospholine 
Oxime and route of admin. in mg/kg Phospholine + stand. error Slope* 
TMB4, intraper. sil 0 43 +  .057 11.2 
1 (hl) Se saKs) 7.5 
12 36 + 4.9 toil 
36 55 e111) 5.5 
54 64 + 4.7 14.1 
voce Orall 20 30 min. 1.06 + .10 Lie 
62.5 SrOmesiunre te) 8.1 
200 23.6 a= 2.2 11.2 
250 SO se OP 5.5 
500 58 se Oi 5.2 
1000 85 +12 7.5 
2000 103 +14 7.6 
20 60 min. SS Se 6.7 
2000 127 +20 5.5 
20 120 min. 92 + 11 8.7 
2000 135 silly 8.2 
20 240 min. 46 + .060 11-2, 
2000 90 +14 5.4 
20 24 hr 217+ %.025 12.7 
2000 164225 223 Uc: 
Protopam chloride, intraper. 3 0 38 + .026 16.1 
10 Ieee sD) 11.8 
25 2.70 + .20 27.0 
50 De, Se dot 5.5 
100 W245 se 1 To 
e 2 oral 100 30 min. 1200 pals 10.5 
800 Sa YY 8.3 
100 60 min. gee se lil 10.9 
200 Sul se LShl 4.1 
400 Bes) Se gl 5.6 
800 5.4. + .86 5.4 
2000 0:0) t= oS 15.4 
100 120 min. 46 + - .063 10.6 
800 ANIL ate AOS) 9.6 
100 240 min. ao ste AOS 6.3 
800 2.00 stat ee 8.3 
100 24 hr 205+ .03 6.6 
800 yess Way) 7.5 
* Slope estimated graphically and expressed in units of log dose and probit mortality. 
and of the Iodide 7.7 + 1.1. It is felt and plotted on logarithmic scales. Doses of 


that these 2 salts are pharmacologically 
equivalent. Therefore, all subsequent work 
was carried out with the Chloride since this 
would appear to be the preferable salt for 
clinical use due to its excellent solubility and 
avoidance of possible side reactions to iodide 
ion. 

In Fig. 1 data for the effect of TMB4 and 
Protopam Chloride by intraperitoneal injec- 
tion and for the same drugs 30 and 60 min- 
utes respectively after oral administration on 
LD; of Phospholine have been transformed 


oxime expressed as percentage of lethal dose 
LD350.. 
ioe — 1 as ordi- 


D06 
nates,! where LD5o,, and LD5o, refer to LD5o 


of Phospholine with and without antidote 
respectively. As a practical matter, doses of 
antidotes were not carried beyond one-half of 
their LD; 9 at which level mortality did not 
occur from the oxime alone. 


appear as abscissae and 


t (x-1) of Schild(8). 
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FIG. 1. Relationship of log dose of oxime ex- 
LD; 


OC 
—-1 


pressed as % LDs) and log 
LDso< 


where 


LDzo, and LD;,. refer to lethal dose of Phospholine 


with and without oxime respectively. ©, oral ad- 
ministration of TMB4, 30 min., and Protopam, 60 
min., before Phospholine. @, intraper. inj. of 
TMB4 and Protopam. 


FIG, 2. Relationship of LD.) of Phospholine to 
time interval between oral administration of oxime 
and estimation of LD. ©, TMB4 at 2000 mg/kg 
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TABLE II. Dose of Oximes Necessary to Raise the 
LD; of Phospholine by a Factor of 10. 


Dose of oxime 


Therapeutic 
mg/kg % of LD5o index* 

Protopam chloride 

Oral 176 4.3 23 

Intraper. 24 11.5 9 
TMB4 

Oral 40 .88 114 

Intraper. .86 83 120 


* LD./EDs where effective dose is that neces- 
sary to raise LD.) of Phospholine 10-fold. 

The curves for TMB4 are linear over a 
considerable range of doses after which curva- 
ture appears. Oral and intraperitoneal plots 
are remarkably similar in shape and position 
so long as dose of oxime is expressed in terms 
of LD; 9. Hence the relative activity of this 
drug by the 2 routes is approximately equal to 
the inverse ratio of its oral to intraperitoneal 
LDs59 or 1 to 43. At 50% of LDso of TMB4 
the LD; of Phospholine was raised by factors 
of 450 and 280 for oral and intraperitoneal 
administration respectively. 

In the case of Protopam oral and intraperi- 
toneal curves are not as much alike, the for- 
mer showing a definite ceiling while the latter 
gives no sign of curvature up to one-half 
LD; . Furthermore, the range of doses over 
which Protopam is effective is narrower than 
in the case of TMB4. At 50% of the LDs50 
of Protopam the LD; 9 of Phospholine was 
raised by factors of 23 and 50 for oral and 
intraperitoneal administration respectively. 

Comparison of activities of the oximes in 
terms of percentages of LD; ) which cause a 
10-fold increase in the LDs9 of Phospholine 
(graphical interpolation at 9 on the axis of 
ordinates of Fig. 1) is given in Table II. The 
reciprocals of these percentages multiplied by 
100 are therapeutic indices at the arbitrarily 
selected activity level and are also given in 
the Table. Protopam has a better thera- 
peutic index orally than intraperitoneally, 
while TMB4 is the same by either route. 
TMB4 has an index 5 times as great as Pro- 
topam by oral administration and 13 times by 
intraperitoneal injection. 


(upper graph) and 20 mg/kg (lower graph). @®, 
Protopam at 800 mg/kg (upper graph) and 100 
mg/kg (lower graph). 
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Oral activities of the oximes were deter- 
mined by injection of Phospholine after vari- 
ous intervals and in Fig. 2 is shown the rela- 
tionship of time interval to LDs, of Phospho- 
line. Doses of oximes were selected from the 
results in Fig. 1 as those that would be ex- 
pected to show roughly maximum and mini- 
mum effects. Peak responses are not sharp 
and are spread between 30 and 120 minutes 
depending on dose level. Except for TMB4 
at a high dose level, the effect of the oximes 
was completely dissipated after 24 hours. In 
comparing the data cbtained by oral adminis- 
tration (Fig. 1), it should be understood that 
TMB4 was tested at a 30 minute interval 
while Protopam was at 60 minutes. In view 
of the results in Fig. 2 it is not felt that this 
discrepancy has any practical significance. 
The origin for the curves in Fig. 2 is uncer- 
tain. There would probably be some protec- 
tive effect even if both Phospholine and oxime 
were given simultanecusly since a certain 
amount of absorption of oxime would occur 
from the intestinal tract during the few min- 
utes required for absorption of Phospholine 
from the peritoneal cavity. 


Discussion. An extensive literature has de- 
veloped on use of Protopam and TMB4 
against poisoning by Sarin, TEPP, Parathion, 
isoflurophate and others. Here, the antidotal 
action of the oximes is of a limited order of 
magnitude unless atropine is also given. This 
is generally assumed to be due to the failure 
of the quaternary oximes to enter the central 
nervous system in contradistinction to the 
above group of cholinesterase inhibitors which 
do so. Phospholine appears to be the only 
phosphate type anticholinesterase bearing a 
quaternary nitrogen atom which is presently 
in clinical or industrial use and the marked 
effectiveness of the oximes without atropine 
presumably depends upon the fact that Phos- 
pholine also fails to cross the blood brain bar- 
rier. 

Both oximes have potential value as antago- 
nists to Phospholine and Protopam is already 
being used for this purpose. While TMB4 
has the greater therapeutic index the activity 
of Protopam nevertheless would appear to be 
more than adequate for practical purposes. 


It is of interest to consider the nature of the 
antagonism of Phospholine by quaternary ox- 
imes. The slopes in Table I show consider- 
able variation which appears to be random 
with no systematic progression throughout 
any series. As would be expected, slopes for 
replicate assays of Phospholine alone are more 
consistent. While a rigorous statistical test 
does not seem justified because of the small 
number of animals used for each LDso, there 
is probably no significant departure from par- 
allelism among dosage mortality curves for 
Phospholine alone and when given with an- 


tagonists. This observation, together with 

the linearity over a considerable range of the 
LD50,. 

curves relating log —1 and log 
Bee 


dose of oxime (in units of LD;0), furnishes 
presumptive evidence of competitive antago- 
nism(8). However, such a conclusion is per- 
haps hazardous when dealing with a system 
as complex as the whole animal and in view 
of the fact that tissue concentrations of the 
oximes may not be linearly related to dose. 
In vitro experiments have shown that both 
oximes reactivate the acetylcholinesterase of 
whole mouse blood which has been exposed 
to Phospholine and it has been assumed that 
this is the basis of the antidotal action im vivo 
(1). However, degree of reactivation of the 
enzyme possible in a given time falls slowly as 
the exposure period over which Phospholine is 
allowed to react increases (24% in 2 hours). 
Since the mice used in the present experiments 
died very promptly after a lethal dose was 
administered, it is reasonable to ignore this 
factor. It is sugestged that the antagonism 
of Phospholine by the oximes is competitive 
within the first hour or 2 during which Phos- 
pholine is probably acting as a whole mole- 
cule, and that a different relationship must ob- 
tain in later periods. It is not yet clear 
whether this is due to phosphorylation of the 
enzyme accompanied by splitting of the Phos- 
pholine molecule or to conversion of an en- 
zyme—diethyl phosphate to monoethyl phos- 
phate as suggested by the work of Cohen, 
et al.(9). 


Summary. Protopam (pralidoxime) Chlor- 
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ide (or Iodide) and TMB4 (1, 1’-trimethyl- 
ene-bis(4-formylpyridinium bromide)  diox- 
ime) when injected intraperitoneally in the 
mouse at 50% of LD5», raise the intraperito- 
neal lethal dose of anticholinesterase, Phos- 
pholine (echothiophate) Iodide, by factors of 
50 and 280 respectively. When the same ox- 
imes are given orally 30 to 60 minutes before 
Phospholine the intraperitoneal LD; 9 is in- 
creased by factors of 23 and 450. Graphs re- 
lating log dose of oxime and log dosage ratio 
of Phospholine are linear over a considerable 
range. The therapeutic indices for arbitrary 
increase of 10 times in LD; of Phospholine 
are 23 and 9 for Protopam and 114 and 120 
for TMB4 by oral and intraperitoneal admin- 
istration respectively. The possible nature of 
the antagonism is discussed. 
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Comparative Inhibition of Pyridoxal Kinase and Glutamic Acid 


Decarboxylase by Carbonyl 'Reagents.* 


(25905) 


Donatp B. McCormick,t BEVERLY M. GuIRARD AND Esmonp E. SNELL 
Dept. of Biochemistry, University of California, Berkeley 


y-Aminobutyric acid (yABA) has been im- 
plicated as a transmission regulator in the 
central nervous system(1), though experi- 
mental evidence for such a role is ambiguous. 
Formation of this compound in brain from L- 
glutamic acid is catalyzed by a decarboxylase 
which requires pyridoxal phosphate as coen- 
zyme(2). Carbonyl reagents are known to 
inhibit most. pyridoxal phosphate enzymes 
through formation of a coenzymatically inac- 
tive derivative with the cofactor(3). Many 
of these reagents are now recognized as stimu- 
Jants of the central nervous system (‘psychic 
energizers”) which in sufficient excess, pro- 
duce epileptiform seizures that may be allevi- 
ated by administration of Vit. Bg(4). Locali- 
zation of glutamic decarboxylase in brain(2), 
together with an observed reduction in levels 


* Supported in part by grant from Nat. Inst. 
Health UnS. betes: 

t Present address: Graduate School of Nutrition, 
Cornell Univ., Ithaca, N. Y. 


of yABA following treatment by carbonyl re- 
agents(5) have been interpreted to mean that 
both analeptic and convulsive activities of ac- 
tive carbonyl reagents may result from inter- 
ference with production of this inhibitor of 
neuronal transmission by the decarboxylase 
(6). However, pyridoxal kinase catalyzes 
formation of pyridoxal phosphate from Vit. 
Bg and has been shown to be extremely sensi- 
tive to inhibition by carbonyl reagents(7). 
The possibility therefore exists that the de- 
crease in concentration of yABA results from 
lowered pyridoxal phosphate levels as a conse- 
quence of inhibition of pyridoxal kinase rather 
than from inhibition of the glutamic decar- 
boxylase per se. This report demonstrates 
that pyridoxal kinase is much more sensitive 
than glutamic decarboxylase to inhibition by 
carbonyl reagents both in vitro and in vivo. 
These findings emphasize the possibility that 
inhibition of the kinase, with consequent de- 
crease in pyridoxal phosphate production, 
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may be one mechanism by which certain 
carbonyl reagents limit production of yABA 
and produce im vive other symptoms related to 
those of Vit. Bg deficiency. 


Methods. Adult rats received intraperi- 
toneal injections of 1 ml of water or of aque- 
ous solutions of test compound. In some in- 
stances urine was collected, chromatographed 
on paper, and chromatograms examined for 
pyridoxal catabolites by spraying with 2,6- 
dichlcroquinonechlorimide(8). At specified 
time intervals, animals were decapitated and 
the desired organs removed, rinsed, blotted, 
weighed, and homogenized with 4 volumes of 


0.05-0.1 M potassium phosphate, pH 6.5-7.0, 


or with 9 volumes of 0.25 M sucrose. Homo- 
genates were centrifuged at 18,500 x g for 30 
to 60 minutes to obtain supernatant solutions 
which were assayed both for pyridoxal kinase 
and for glutamic decarboxylase. Pyridoxal 
kinase in the phosphate buffer extract from 
beef brain was purified further by collecting 
that fraction of supernatant solution insoluble 
between 40 and 60% saturated (NH4).SO,4 
and dialyzing(7). Glutamic decarboxylase 
from beef brain appeared to be more stable in 
acetone powder extracts than in fresh tissue 
homogenates. Acetone powders were pre- 
pared in the usual way(9) and extracts were 
obtained by grinding the preparations with 
0.1 M phosphate buffer, pH 6.4, containing 
0.01% 2-mercaptoethanol and 5 mg of Tween 
80 per ml. Protein was determined by the 
method of Lowry e¢ al.(10). Incubation mix- 
tures for pyridoxal kinase contained 5 x 10% 
M pyridoxal and ATP, 10° M Zn**, 0.1 M 
potassium phosphate, pH 6.0-6.5, and en- 
zyme with or without inhibitor. After incu- 
bating 1 hr at 37°C, the reaction was stopped 
by heating 3 min at 100°. When pyridoxine 
was used as substrate in place of pyridoxal, 
the product, pyridoxine phosphate, was con- 
verted to pyridoxal phosphate by a second in- 
cubation for 1 hr at 37° and pH 8 with an oxi- 
dase preparation from rabbit liver(11). Py- 
ridoxal phosphate formation was followed by 
a modification of the apotryptophanase 
method of Wada ef al.(12). Glutamic de- 
carboxylase activities were measured by the 
fluorimetric method of Lowe et al.(13). A 


lower concentration of pyridoxal phosphate 
(0.02 mM in place of 0.5 mM) was used in 
incubation mixtures. This concentration was 
lowest that permitted optimal decarboxylase 
activity, and was used to insure maximum 
sensitivity of decarboxylase to inhibitors. The 
intensity of fluorescence of the product 
formed by reaction of yABA with ninhydrin 
was determined with the Aminco-Bowman 
spectrophotofluorimeter, set at activation 
wave length of 376 mp and a fluorescence 
wave length of 452 mp. 


Results. Inhibitory concentrations of sev- 
eral carbonyl reagents for partially purified 
preparations of pyridoxal kinase and of glu- 
tamic decarboxylase from beef brain are com- 
pared in Fig. 1. The kinase is from 100 to 
1000 times more sensitive than the decarboxy- 
lase to these inhibitory compounds. 


When hydrazine was injected into rats, and 
activities of the 2 enzymes subsequently were 
compared, both enzymes were markedly de- 
pressed (Table I). Again the effect upon 
the kinase appears more severe. Under these 
same conditions, no significant inhibition of 
either kinase or decarboxylase was observed 
one hour after administration of isonicotinyl 
hydrazide (isoniazid), hydroxylamine, or py- 
ridoxal oxime in amounts sufficient to give an 
initial “body concentration” in excess of 10° 
M. All of these compounds are potent in- 
hibitors of the kinase im vitro(7), eliciting 
50% inhibitions at concentrations between 
5 x 107% and 5 x 10° M. The dihydrazone 
(azine) of pyridoxal, like hydrazine, is a po- 
tent inhibitor of pyridoxal kinase both im vivo 
and in vitro but does not inhibit glutamic de- 
carboxylase under either condition. The time 
course of inhibition in liver and brain follow- 
ing injection of the azine is shown in Fig. 2. 

Animals which received either hydrazine or 
hydroxylamine developed convulsions and 
died with larger doses. Hydroxylamine pro- 
duced severe methemoglobinemia, and onset 
of convulsions was rapid. Neither pyridoxal 
azine nor pyridoxal oxime produced convul- 
sions in amounts equimolar with convulsive 
doses of the free carbonyl reagents.  Pyri- 
doxal oxime was rapidly catabolized to 4-py- 
ridoxic acid and its lactone, and these were 
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FIG. 1. Comparative effects of carbonyl reagents 
on activity of partially purified preparations of 
pyridoxal kinase and of glutamic decarboxylase 
from beef brain. Conditions are described under 
Methods. Solid lines show kinase activities, broken 
lines show decarboxylase activities. @, Hydroxyl- 
amine; A, a-methylphenethylhydrazine; |, semi- 
earbazide; A, hydrazine. 

FIG. 2. Effect of intraper. injections of pyri- 
doxal azine on activities of pyridoxal kinase and of 
glutamic decarboxylase in livers and brains of rats 
as a function of time. Pyridoxal azine (15 mg) 
was administered as its hydrochloride by intraper. 
injections to 200-250 g female rats. Incubation 
conditions as described under Methods. Kinase ac- 
tivities in liver (C) and brain (A); decarboxylase 
activity in brain ([]). 


excreted in urine. Recovery of rats from an 
apparent weakness following injection of pyri- 
doxal azine coincided with recovery of kinase 
activity. 

Inhibition of pyridoxal kinase by pyridoxal 
azine in vivo could, in principle, result from 
its hydrolysis to pyridoxal and hydrazine with 
subsequent inhibition by the latter of the 
kinase during its assay in vitro. Such inhibi- 


tion requires condensation of hydrazine with 
pyridoxal added as substrate, the resulting hy- 
drazone or azine being the actual inhibitor 
(7). This possibility was eliminated by as- 
saying the kinase with pyridoxine, which can- 
not condense with hydrazine, as substrate. 
The results (Table IT) show that kinase levels 
are depressed about equally with either sub- 
strate; consequently inhibition by the in- 
jected pyridoxal azine cannot result from its 
preliminary hydrolysis to hydrazine. 


Discussion. These findings demonstrate 
that inhibition of both pyridoxal kinase and 
glutamic decarboxylase can be produced im 
vivo by a single dose of some, but not all, of 
the carbonyl reagents that produce these ef- 
fects in vitro. The mechanism of the 2 inhibi- 
tions is quite different. Carbonyl reagents in- 
hibit pyridoxal kinase in vitro, and presum- 
ably also in vivo by combining with pyridoxal 
to form extremely inhibitory substrate ana- 
logues(7). That hydrazine inhibits in vivo 
thus infers that there are sufficient amounts 
of this agent and of free pyridoxal present in 
tissues to form the active inhibitor. Agents 
such as hydroxylamine and isoniazid, which 
inhibit the kinase in vitro but not in vivo, may 
be inactive under latter conditions because 
(a) they are not accumulated in tissues to the 
same extent as hydrazine, or (b) they require 
higher concentrations of pyridoxal or longer 
times to form the inhibitor, or (c) they are 
destroyed before they reach the site of in- 
hibition. The latter explanation presumably 
holds for pyridoxal oxime, which rapidly gives 
rise to pyridoxic acid after injection. This 
immediate increase in excretion of pyridoxic 
acid was not observed following injection of 
pyridoxal azine, which inhibits in vivo. 


Although these condensation products of 
carbonyl reagents with pyridoxal are potent 
inhibitors of the pyridoxal kinase, tests in 
vitro have shown them to be essentially with- 
out effect on glutamic decarboxylase. Car- 
bonyl reagents inhibit this enzyme by con- 
densing with pyridoxal phosphate to remove 
this functionally active coenzyme as a com- 
paratively inactive coenzyme analogue. We 
prepared such analogues chemically and find 
them essentially without inhibitory activity 
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TABLE I. Effect of Hydrazine Injection on Levels of Pyridoxal Kinase and Glutamic Decar- 


boxylase in Rat Tissues. 
ee OBE P ISBUCS. ne ee Sa Se 
eS 


Decarboxylase 
Kinase activities* activities* 

,; r Liver ¢ Brain ~ 7———Brain: ~ 
Hydrazine Min. before  Units/mg Total Units/mg =‘ Total Units/mg = Total 
inj., mg sacrifice protein units protein units protein units 
0 0 11.6 7,140 23.4 834 216 7,380 
+3.5(¢)¢ +1,840 +5.2 +196 +37 +1,480 
5) 60 5.8 3,700 17.2 693 297 12,000 
10 120 2.5 1,470 10.4 335 94 3,030 
100 7t 0 2.1 70 95 3,160 


* One unit of activity is that amount of protein (in phosphate buffer extract) that forms 
one mumole of pyridoxal phosphate or of yABA in 1 hr at 37° under assay conditions. Total 
activity is calculated on basis of total wet wt of organ. 


+ Time of death due to injected hydrazine. 


¢ o Stand. dev. with 10 control animals. Single animals were used for each level of hydrazine. 


for either glutamic decarboxylase or for pyri- 
doxal kinase. The fact that injected pyri- 
doxal azine inhibits pyridoxal kinase, but not 
glutamic decarboxylase im vivo, is consistent 
with each of these observations. 

Summary. 1. Carbonyl reagents such as 
hydrazine, hydroxylamine and isoniazid in- 
hibit purified preparations of pyridoxal kinase 
and of glutamic decarboxylase from beef 
brain, but the kinase is 100 to 1000 times 
more sensitive. 2. Administration of hydra- 
zine to rats decreases activity of these 2 en- 
zymes in liver and brain; kinase levels are af- 
fected more severely. 3. In contrast to their 
effects in vitro, isoniazid, hydroxylamine, or 
pyridoxal oxime produced no significant in- 
hibition of kinase or decarboxylase activity in 
vivo. Pyridoxal oxime appears rapidly ca- 
-tabolized in vivo since its injection results in 
extensive excretion of 4-pyridoxic acid and its 
lactone. Unlike free hydroxylamine, injection 
of pyridoxal oxime does not produce convul- 
sions or extensive methemoglobin formation. 
4. Similar administration of pyridoxal azine 
resulted in rapid and extensive decrease of py- 


TABLE II. Inhibition of Pyridoxal Kinase in Tis- 
sues from Rats Injected with Pyridoxal Azine. 


Inhibition of kinase, %* 
(30 min. after 10 mg dose) 


Pyridoxal Pyridoxine 
Organ as substrate as substrate 
Liver 58 50 
Kidney 63 62 
Brain 6 3 


* Avg values for 6 male rats (200-250 g each). 


ridoxal kinase levels in liver, kidney, and 
brain. No effects on glutamic acid decarboxy- 
lase in brain were observed. 5. These obser- 
vations demonstrate that individual carbonyl 
reagents inhibit quite different enzymes in 
vivo, and indicate that appropriate derivatives 
of such agents may show enhanced selectivity 
in their inhibitory actions. 
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2. Roberts, E., Frankel, S., J. Biol. Chem., 1950, 
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5. Kallam Koh. Bains J Ay J. Bharm. Exp: 
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Effect of Cortisone on Mice Infected with Chromogens and with Isoniazid 


Resistant Tubercle bacilli. 


(25906) 


FLORENCE K. FitzPATRICcK 
Merck Inst. for Therapeutic Research, Rahway, N. J. 


D’Arcy Hart and Rees were the first to 
show that the severity of a tuberculous infec- 
tion (H37Rv) in mice could be increased by 
concurrent administration of massive doses of 
cortisone(1). We were interested in investi- 
gating the effect of cortisone on experimental 
infections with chromogenic acid-fast and 


with isonicotinic acid hydrazide resistant 
(INHR) organisms. 
Methods. Groups of 5 or 10 mice of the 


CF, strain, 16-18 g in weight, were infected 
by intravenous route with 0.25 ml of the ap- 
propriate culture. They were fed Purina 
chow ad libitum and weighed at weekly inter- 
vals. The strains of organisms used were: the 
human, virulent H37Rv; the H37Rv strain 
rendered resistant to 54 y/ml of INH by 
serial passage in increasing quantities of drug, 
and 20 chromogenic acid-fast organisms of 
human origin obtained from Dr. Ernest Run- 
yon. Cultures were grown in Dubos’ albumin 
medium in Erlenmeyer flasks for 5 to 8 days 
depending on the strain, diluted with the same 
medium to give a reading of 65-70 in the 
Klett-Summerson colorimeter, then further 
diluted 1:4. Cortisone acetate suspended in 
0.5% tragacanth, was administered by subcu- 
taneous route for 7 days in a volume of 0.1 ml 
beginning the day of infection. Chromogen- 
infected animals that did not succumb were 
sacrificed between 6th and 8th week after in- 
jection. Mice infected with the INHR strain 
of H37Rv were observed for over 100 days 
and cultures made of spleens and lungs in 
Dubos’ medium from sacrificed and from 
spontaneously dead mice. Survival time 
greater than or less than that of controls was 
not considered significant unless it exceeded 
2 days. Autopsies were performed on some 
mice from all groups. 


Results. As a base line for work with the 
other strains, we determined for an H37Rv 
infection minimal cortisone dose which when 
given for several days beginning the day of 


infection would result in significant decreased 
survival. Seven doses of 0.5 mg/day were re- 
quired to produce this result (Table I). A 
dose of 0.25 mg for 7 days, though resulting in 
loss of weight, had no effect on survival, but 
did hasten death if given for 9 days. On the 
other hand, treatment with cortisone for a 
week before infection resulted in no increase 
in susceptibility. The 1 mg dose administered 
by gavage was probably insufficient to de- 
crease survival markedly. Actual numbers of 
tubercle bacilli in mice treated from day of 
infection were found to be greatly increased 
even when the cortisone treatment was not 
lethal (Table II). Heavier growth occurred 
from spleens of treated than from those of 
infected, untreated mice sacrificed on 12th or 
13th day after infection. This has been dem- 
onstrated more quantitatively by Batten and 
McCune(2). 


Strains of tubercle bacilli highly resistant 
to INH produce chronic, slowly progressing 
disease in mice. Under our conditions, mor- 
tality was low and greatly delayed. Examples 
of the effect of cortisone on this infection are 
shown in Table III. Mortality is greater when 
the hormone is administered. That deaths 
were not due to other than acid-fast organ- 
isms was Clearly shown in cultures of lungs 


TABLE I. Effect of Varying Dosage of Cortisone 
on Infection with H37Rv. 


Dose/day, No. of Days’ avg Survival time, 
mg doses t treated controls 
my 9 1e9 19.6 
.25 9 12.6 21.0 
125 9 18.8 i 
025 9 21.0 € 
5 if 12.2 20.2 
25 7 18.6 3 

OP 9 17.6 19.6 
5 Hie 19.5 21.2 
2 7 22.0 ‘“ 
05 7 24.0 a 


* By gavage. 

t Administered by subeut. route beginning day 
of infection. 

{ Treatment started 7 days before infection. 


CORTISONE CHROMOGENS AND RESISTANT TR 
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TABLE II. Growth of H37Rv from Spleens of Cortisone-Treated and Control Mice,* 


Dilution of minced spleen 


A= TO? Ome LO Oe 
Days of incubation 
7 14 7 14 if 14 Mf 14 7 14 
Cortisone, 7 doses, .5 mg Sp ee 1 >4 0 4 0 3 0 2 
Control 2 4 0 3 0 1 0 0 0 0 
Cortisone, 7 doses, .25 mg 3 >4 + >4 0 4 0 2 0 it 
Control 2 >4 i) 3 0 1 0 0 0 0 


* Dubos’ albumin medium used. Growth recorded at 7 and 14 days. 


t+ 0 —no growth; 4 = heavy growth, ete. 


and spleens made to test the sensitivity of re- 
covered tubercle bacilli. Contaminants were 
rarely present. Whether from sacrificed or 
spontaneously dead mice, these tissues yielded 
heavy cultures of acid-fast bacilli still com- 
pletely resistant to 54 y/ml of INH. 


The atypical acid-fast organisms used in 
this study were not highly pathogenic for 
mice. A few deaths occurred in our animals 
infected with photochromogens No. 4 and 8 
and not treated with cortisone (Table IV). 
The effect of cortisone administration is ap- 
parent. Virulence of strains No. 4 and 8 was 
enhanced as well as that of 4 additional cul- 
tures (No. 5, 6, 16, 26) as evidenced by in- 
creased mortality. If deaths occurred earlier 
than 16 days after infection, no lesions visible 
to the naked eye were observed in lungs. 
However, large numbers of acid-fast organ- 
isms were present in stained smears. When 
surviving mice were sacrificed 6 to 8 weeks 
after infection, lung lesions were found in 
those infected with cultures No. 1, 4, 8, 16, 
18, 21 and 26, though not in every mouse of 
every group, whether they had received corti- 
sone or not. In the case of culture No. 24, 
lung lesions were present only in cortisone 
treated animals. Kidney lesions were noted 
in mice infected with No. 4, 8 and 16, treated 


TABLE III. Effect of Cortisone on Infection with 
INH-Resistant H37Rv.* 


No. of No. of 
Treatment doses mice dead SDT Sis 
Cortisone,.d6mg “7 7/10 47 >103 
Controls co 0) 1/10 >108 
Cortisone,.5mg 9 8/10 41 Sel 
Controls 0 2/10 Si) 


* Strain resistant to 54 wg/ml of INH. E 
+ STso and ST, = survival time in days of 50 
and 100% of mice. 


or not treated with cortisone. No. 21 and 26, 
on the other hand, did not provoke kidney le- 
sions unless cortisone was administered. 
(More deaths might have resulted had heavier 
inocula been used. We preferred to use 
H37Rv as a reference point and to employ 
inocula of the same density as used in our 
routine tests with this strain.) 

Discussion. The dose of cortisone used in 
these experiments to elicit an enhancing ef- 


TABLE LY. Effect of Cortisone on Infections with 
Atypical Acid-Fasts. 


PkeewNo Group* Deaths 
1& let photochromogen 0/5 
4 2/10 
4¢ 5/10 
8 1/10 
8e 9/10 
16 0/10 
16¢ 3/10 
18 & 18¢ 0/5 
21 & 21e 0/10 
22 & 22¢ 0/5 
24 & 24¢ es 
26 0/10 
26¢ 2/10 
5 scotochromogen 0/10 
Be 3/10 
6 0/10 
6¢ 2/10 
15 & 15¢ 0/5 
19 & 19¢ 5 
2& 2¢ Battey 8 
3& 3¢ i 
Hts Tk 0/10 
ie ike 0/5 
20 & 206 es 
23 & 23¢ i 
25. & 25¢ - 
9& 9c H37Rv 10/10 
11&1le M. phlet 0/10 


* No. and group designations of Dr. Runyon’s 
Sunmount collection. 

+t ¢ denotes cortisone-treated mice, 0.5 mg/mouse 
/day for 7 doses. 
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fect on murine tuberculosis was greatly in ex- 
cess of the equivalent dose customarily em- 
ployed in management of human disease. On 
a weight basis, five-tenths mg/day of corti- 
sone for a 20 g mouse for example, is 17 times 
the 100 mg/day maintenance dose frequently 
used for man. 

The position of INHR organisms in human 
disease is still a matter of controversy al- 
though they have been isolated on primary 
culture from sputum and spinal fluid(3,4). 
The increase in virulence of INHR tubercle 
bacilli and of some chromogens when mice 
were treated with cortisone might have its 
parallel in human infections under conditions 
of prolonged stress or in anxiety states. In 
this connection, Steenken and _ co-workers 
have shown(5) that INHR organisms can 
cause progressive disease in silicotic guinea 


pigs. 


Stability of Isoniazid in Aqueous Solutions and Plasma. 


IsONIAZID STABILITY IN VARIOUS SOLUTIONS 


Summary. 1) The virulence for mice of 
INHR laboratory strains of H37Rv was in- 
creased when cortisone was administered. 2) 
Cortisone also increased the pathogenicity for 
mice to some extent of 2 of 4 scotochromogens 
and 3 of 9 photochromogens tested. Seven 
Battey strains were unaffected. 


1. D’Arcy Hart, P., Rees, R. J., Lancet, 1950, v259, 
391. 

2, Batten, J. Gy, McCune, Ro Ma Erba eon: 
Path., 1957, v38, 413. 

3. Murdoch, J. McC., Grant, I. W., Lancet, 1955, 
v269, 587. 

4. Esposti, A., Martoni, L., Rev. Tuberc., Paris, 
LOSSSVi22 ele on 

5. Steenken, W., Raleigh, J. W., Chapman, D. H., 
Smith, M. M., Am. Rev. Tuberc., 1958, v78, 309. 
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NorMAN F. PooLtre AND ARTHUR E. MEYER 
Biochemical Research Laboratory, Vet. Admin. Hospital, Kerrville, Texas 


In our work on isoniazid (INH) blood level 
determinations in men and animals, the im- 
pression was gained that lower levels were 
found if the chemical test could not be com- 
pleted immediately after blood sample was 
obtained. This raised the question of stability 
of the drug in solution. The following factors 
were considered: (a) Influence of temperature 
and pH in aqueous solution. (b) The possi- 
bility that the drug after becoming absorbed 
through the intestinal tract might be in a 
state in serum different from that in a simple 
solution; e.g., INH could be bound by a pro- 
tein fraction which might influence its sta- 
bility. 

Methods. The method used has been pub- 
lished(1). We have since modified this 
method as follows: Before medication was 
given patient’s plasma was collected and used 
for blank and standard determinations to 
avoid the influence of the coloration by bile 
constituents which vary from one person to 


another.* Analytical error of the method is 
+ 0.3 pg. Two patients with polycythemia 
and healthy volunteers were available for 
blood donations. In each case 250 cc of 
blood was taken before breakfast and before 
medication for blank determinations. Ninety 
minutes after oral administration of 4 or 8 
mg INH/kg another 250 cc of blood was ob- 
tained and first determination was made with- 
out delay. A pool of rabbit plasma was ob- 
tained from the carotid artery by exsangui- 
nating male rabbits kept on a standard diet. 
Four rabbits received 20 mg INH/kg intra- 
venously, their total blood was taken after 10 
to 15 minutes and the plasma pooled. Another 
batch of pooled, untreated rabbit plasma was 
divided into 2 equal portions for the blank 
and for im vitro tests in which INH was 
added. Plasma specimens were kept at tem- 


* This same modification has been introduced, in- 
dependently, by Dr. John W. Jenne, Veterans Adm. 
Hosp., Minneapolis, Minn. Personal communication. 


ISONIAZID STABILITY IN Vartous SOLUTIONS 


TABLE I, INH in Phosphate Buffer 


Added 8 and 16 pg/ece. 


Solutions. 


ug found after days 


Temp. pH 0 ] 3 7 14 
25° 4.5 oo) 8.0 7.8 8.0 oo) 
6 Us) UD) 6) 7.5 fle) 

7 doll 7.9 7.8 doll 7.6 

8 (hw ass 7.0 5.2 4.0 

4.5 16.0 15.8 15.5 15.5 15.8 

6 15.7 15.4 15.5 15.6 15.6 

7 15.8 16.0 15.8 15.4 “15.5 

8 15.6 15.5 15.0 13.0 9.9 

aif 4.5 7.9 8.0 7.8 7.9 8.0 
6 9) leo 7.6 Holl les: 

7 a 7.8 7.5 6.8 6.5 

8 a) 7.3 5.0 3.5 27 

4.5 16.0 15.8 15.3 US Oa dee) 

6 15.7 15.7 15.3 15.0 15.2 

7 15.8 157 15.3 14.9 14.2 

8 15.6 15.3 13.1 11.8 10.7 


At temperatures of 7° or in frozen state the soiu- 
tions showed no changes at pH ranges 4.5-8. 


TABLE II. INH in Rabbit Plasma (3 Run Sep- 
arately), Taken 30 Min. after Intravenous Injee- 
tion of 20 mg/kg. 

Found wg INH/ce 
after days of storage 


Rabbit Temp. 0 4 7 i 
I Sue 22.4 20.3 5.4 1.0 
II 20.4 18.6 10.2 9.6 
I i? 22.4 15.6 13.3 9:2 
IL 20.4 15.0 14.2 13.4 
Ill 24.3 17.6 15.2 14.3 


TABLE III. INH in Human Plasma, Taken 90 Min. 
(Patients) and 8 mg/kg to 


561 


peratures indicated in the tables, and INH de- 
termined at convenient intervals. Analog sta- 
bility tests were performed in neutral aqueous 
solution and in buffered solutions at pH 4.5 
to 8. While adequate quantities of blank and 
INH containing plasma were kept in bulk at 
temperatures as indicated, small samples of 
each sufficient for one test were kept frozen to 
avoid repeated melting and refreezing. 


Results. Aqueous INH solutions of 8 and 
lou neypee keptaat 37" 925° 87 “and sinozen 
showed no changes within 14 days. INH is 
stable in aqueous and buffered solutions at pH 
below 8 (Table I) and if stored at low tem- 
perature, hence standard solutions may be 
kept refrigerated for several weeks. 


INH is not stable in plasma at any temper- 
ature. Rate of disappearance is greater at 
37° than at low temperature (Tables IJ, III), 
but even in frozen state is significant (Tables 
IV, V). Plasma from rabbits or humans con- 
tains a substance which changes INH into a 
form not detected by the reaction used in the 
analytical method. It has been claimed that 
metabolites of INH are isonicotinic acid, 
acetyl INH and conjugates of isonicotinic acid 
(2,3). Neither of these gives this reaction. 
However, none of these metabolites have been 
identified satisfactorily. 


after Oral Administration of 4 mg/kg 
Volunteers. 


Origin of —S Found ywg/ce after days of storage -———, 
Patient blood Temp. 0 il 2 3 4 7 Cho 1M goal PAS 23, BO 
A Polyeythemia SS 3.9 1.4 8 0 
ae fe 4.0 ise aye Pepe (6 
frozen Boll 4.0 3.4 3.1 2:92:26 
B i Ee Bor all Api 1.8 02 
Sue Bo BBs 2k 2.0 4 
ic: Se) Bes Ao 2.0 1.6 
frozen By Pe alll) all 1.4 
Volunteer : 
Normal Re Gal Ae 3.9 3.0 Onl 
* 37° s«6l 4G 2.5 2.5 L7 
Toe Ge a7 312 2.7 
frozen Gls 4Ac7 3.4 3.0 
R Le 54 4,9 2.8 2.6 1.0 
37° 5.4 4.7 3.6 2.0 0 
Wig 5.4 4.6 3.8 Ball 2.6 
frozen 5.4 4.2 4.0 4.1 3.9 
J 25° al Wes: Eyal 3.8 0 
Bio Oe! shal 5.6 2.9 1 
We 9.1 8.6 Tid 5.8 5.5 
frozen ils Tart 7.5 7.0 1.2 
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This finding is important with reference to 
biological assay of INH in patients’ plasma. 
For this assay the plasma usually is kept 
frozen or refrigerated for variable periods pre- 
ceding testing. Adding the error caused by 
bacteriological technic of dilution it appears 
questionable whether the bioassay carries any 
value. Whether the factor contained in plasma 
is still active at the dilution resulting from dis- 
tribution in the culture medium, cannot be 
answered because the chemical method is not 
sensitive enough for dilutions in that range. 
Should it be the case, INH would decrease in 
concentration during process of incubation, 
which usually lasts about 3 weeks. The pres- 
ence of the postulated factor in plasma in 
larger or smaller quantities may explain why 
some patients show quicker inactivation of 
INH than others. 


TABLE IV. 10 and 20 mg/ce INH Respectively 
Added to Pooled Rabbit Plasma. 


Found pg/ce after 


al 3 7 9 14 
Temp. 4hr day days days days days 
25° 7.2 4.4 2.2 2.0 
ile Ue. 4.8 3 0 
fe 7.9 5.9 3.2 3.0 
18.4 17.3 13.6 Ted 6.7 

frozen 5.2 4.7 3.5 3.4 


AMINOACID ANALOGUE INHIBITION OF ANTIBODY SYNTHESIS 


TABLE V. 10 mg/ee INH Added to Human 


Plasma. 


Found pg/ce after time 


Temp. 0 lday 38days 7days 2ldays 
R 25° 9.3 6.8 4.4 4.2 9 
R ale 9.3 6.0 4.8 3.0 0 
J f° 9.3 7.2 4.9 4.4 4.0) 
R if? 8.8 7.2 6.1 5.8 5.1 
R_ frozen 9.3 8.0 6.9 6.0 5.7 
Summary. INH is stable for several weeks 


in aqueous and buffered solution at pH values 
below 8 and at low temperature. It is un- 
stable in human and rabbit plasma whether 
added to pure plasma or present after oral or 
parenteral administration. Instability is en- 
hanced by increased temperature, but is quite 
marked at refrigerator temperature. The 
presence of a factor in blood causes changes in 
chemical state of INH so that it no longer re- 
acts with reagent used in the assay method. 


1. Poole, Norman F., Meyer, Arthur E., Proc. Soc. 
Exp. Brot. anp Mep., 1958, v98, 375. 

2. Peters, John H., Am. Rev. Respir. Dis., 1960, 
v81, 485. 

3. Hughes, H. B., Trans. 15th Conf. Chemothpy. 
Thc., VA-Army-Navy, 1956, 574. 
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Effect of 8-3-Thienylalanine on Antibody Synthesis. I. Preliminary in vitro 


and in vivo Studies.* 


(25908) 


Mariano F. La Via,t STANLEY A. Urtu, Nancy D. BarBER AND ANNE E. WARREN 
(Introduced by Ruth Rhines) 
Depts. of Anatomy and Pathology, University of Chicago, Ill. 


Experiments of Wissler e¢ al. have shown 
that feeding 8-3-thienylalanine (8-3-TA) in 
absence of dietary phenylalanine results in 
almost complete inhibition of antibody re- 
sponse to a single intravenous dose of particu- 
late antigens in rats(1). In these experiments 
the amino acid analogue was incorporated in 
a liquid diet and fed by stomach tube for a 


* Supported in part by USPHS grant. 
+ Present address: University of Colorado Medical 
Center, Denver, Colorado. 


period of 6 days beginning 2 days before anti- 
gen injection and continuing up to day before 
sacrifice. Antibody titer at this time was 
always considerably lower than that of con- 
trol animals. The histologic transformations 
in rat spleen which accompany synthesis of 
antibody(2) were consistently absent in ani- 
mals fed B-3-TA. Our experiments originated 
during study of antibody production in tissue 
culture(3). The purpose was to study the 
effect of 8-3-TA on antibody synthesis in vitro 


AMINOACID ANALOGUE INHIBLTION oF ANTIBODY SYNTHESIS 


TABLE I. Incorporation of Glycine 1-C“ into An- 
tigen Bound Material. Ratio of radioactivity in- 
corporation of experimental over control animals. 


No. of Days of g-3-TA g-3-TA 
spleens feedingafter added to Exp. | 
cultured antigen culture / Control 
6 0,1,2 — 1.4 
6 1,2 2.8 
6 2 — 5.4 
18 + 5.3 
24 — 6.6 


All rats inj. 3 days before sacrifice. All spleens 
cultured 3 days. g-3-TA added to tissue culture 12 
hr after beginning of incubation. Amount of 8-3- 
TA added was 50 y/ml of medium (15 y/mg of tis- 
sue present in culture). 
and to compare this to inhibition of antibody 
synthesis observed in vivo by Wissler and co- 
workers(1). 

Materials and methods. Young adult male 
albino rats of the Holtzman strain were used 
throughout. Tissue culture methods, manner 
of antibody titrations, of antibody determina- 
tion in tissue culture fluids, and histological 
technics employed have been described(3-5). 
The antigen used in in vivo experiments was 
a 1% suspension of washed sheep erythro- 
cytes; 1 ml of this suspension was adminis- 
tered intravenously. Tube-feeding of 6-3-TA, 
diet preparation, etc. were done according to 
the methods described by Wissler e¢ al.(1). 
Rats to be prepared for tissue culture were in- 
jected intravenously 72 hours before begin- 
ning of culture with 1.0 ml of S. typhi vaccine. 
Tissues to be cultured were always explanted 
72 hours after antigen injection. -3-TA 
added to the medium 12 hours after beginning 
of culture. The medium to which B-3-TA was 
to be added was prepared without phenylala- 
nine. 

Results. The initial experiments tested the 
effect of 8-3-TA added directly to the tissue 
culture medium on synthesis of antibody as 
measured by incorporation of radioactive gly- 
cine into antigen-binding material. As shown 
in the 2 bottom lines of Table I, 8-3-TA 
added to a tissue culture system in which 
spleen fragments were synthesizing antibody 
did not alter appreciably final antibody out- 
put. 

The fact that spleens for tissue culture were 
explanted 3 days after injection of antigen 
suggested the possibility that 8-3-TA did ex- 
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ercise its depressing effect during earlier 
stages of antibody synthesis. Thus, B-3-TA 
would not depress the response to antigens 
once this response had been established. Ex- 
periments were therefore set up in which this 
hypothesis could be tested both in vitro and 
in VIVO. 

Table I summarizes results obtained in sev- 
eral tissue culture experiments, conducted as 
follows: 8-3-TA was fed to rats for varying 
periods of time after antigen injection. Spleens 
were explanted 72 hours after antigen was ad- 
ministered and culture was allowed to pro- 
ceed for 48-72 hours in normal medium. There 
is a marked depression of antibody synthesis 
if B-3-TA feeding is started on day of anti- 
gen injection or one day after (Table I). If 
feeding is begun on second day after antigen 
injection (1 day before starting tissue cul- 
ture) or added to culture medium in which 
spleens from animals not receiving 6-3-TA 
are explanted, there is only a very slight de- 
pression of antibody synthesis. In one ex- 
periment up to 7 times the amount of 8-3-TA 
normally used was added to the culture me- 
dium and no more effect was noted. 

To test further the possibility that B-3-TA 
was active only during early stages of anti- 
body synthesis in vivo experiments were set 
up in which groups of rats were fed 8-3-TA 
starting at different times in relation to anti- 
gen injection and continuing to day of sacri- 
fice. Thus, it was hoped to be able to deter- 
mine the period during which 8-3-TA was 
most active in its depressing effect. Fig. 1 
summarizes results obtained by this experi- 
mental approach. 

If 8-3-TA feeding is started after the end 
of induction period, there is no significant de- 
pressing effect on hemolysin synthesis. On 
the other hand, a considerable depression of 
the synthetic process is evident if @-3-TA is 
administered during the days immediately fol- 
lowing antigen injection and an even greater 
depression exists with earlier feeding of the 
analogue. 

To minimize the possibility of error arising 
from toxic phenomena due to £-3-TA all rats 
should receive the same amount of analogue. 
Thus rats in groups fed only for shorter times 
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* TA. fed was 2 times the amount of phenylalanine present in 
control diet. Day 0 is the day of antigen injection. All rats 
sacrificed on day 5S. 


FIG. 1. Effect of g-3-TA feeding begun at differ- 
ent times before and after sheep erythrocyte inj. 
on 100% hemolysin titer in rats. 


received a large dose of analogue over a 
shorter period of time. One may wonder 
whether under these conditions a stimulatory 
effect could be elicited on the synthesis of 
antibody. This seems very unlikely since no 
such effect was noted in tissue culture experi- 
ments in which £-3-TA was added to the i 
vitro system. 

Discussion. Formation of antibody can be 
depressed or abolished by several physical (6) 
as well as chemical(7,8) agents. More re- 
cently reports have appeared which stress the 
fact that considerable inhibition or complete 
suppression of antibody synthesis can be ob- 
tained by use of substances which are ana- 
logues of normal metabolites(1,9-15). Only 
one of these papers(14) deals with the time 
at which the analogue seems more effectively 
to antagonize the synthetic process and bears 
out the same relationship between adminis- 
tration of analogue and inhibition of antibody 
production observed in the work reported 
here. 

The so-called induction period of antibody 
formation is still a relatively poorly under- 
stood phenomenon. It is known that after a 
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single antigenic stimulation, formation of 
antibody does not begin until approximately 
48-72 hours after the stimulus has been intro- 
duced(16). During this time no appreciable 
antibody synthesis takes place as shown by 
studies of incorporation of labeled amino acids 
into antibody protein(17). The fact that B- 
3-TA seems to depress synthesis of antibody 
only when administered during induction pe- 
riod suggests that this substance may inter- 
fere with preparation of the so-called “anti- 
body forming mechanism” or of a part of it. 
Sterzl’s study in which 6-mercaptopurine(14), 
an analogue of natural purines, was used in- 
dicates that there may be two areas in prepa- 
ration of this mechanism. In fact 6-mercap- 
topurine is known to interfere with synthesis 
of nucleic acids(18); 8-3-TA seems to exer- 
cise its inhibitory function only at the level of 
protein synthesis(19). Further experiments 
are needed, and are being carried out at pres- 
ent, to clarify the level in the antibody synthe- 
sizing process at which 8-3-TA acts. These 
studies may contribute greatly to a better 
understanding of the early stages of antibody 
synthesis. 


Use of B-3-TA in experiments of this nature 
may be made somewhat cumbersome by the 
need to administer the analogue by stomach 
tube. This disadvantage may be compensated 
by the fact that 8-3-TA affords a tool which 
has no equal because of its lack of toxicity for 
normal cells at the level used in these experi- 
ments(1). The possibility of B-3-TA admin- 
istration by a route other than oral in the hope 
of further simplifying its use is being investi- 
gated. 

Summary. When £-3-thienylalanine, an 
analogue of phenylalanine, is fed to rats for 
appropriate time before and after antigen in- 
jection it will markedly inhibit antibody re- 
sponse. This analogue added to an antibody 
synthesizing tissue culture system gave no in- 
hibition of antibody synthesis under these 
conditions. It appears that unless B-3-TA is 
fed during induction period, its inhibitory ef- 
fect will not be manifested. It is possible 
then that 8-3-TA is active only in inhibiting 
the “setting up” of the antibody forming 
mechanism. 
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Immunization Studies with Living Vaccine of Salmonella typhimurium. 


(25909) 


L. S. BARON AND S. B. ForMAL 
Division of Immunology, Walter Reed Army Inst., Washington, D. C. 


Production of artificial immunity to Sal- 
monella infections in both man and animals 
is a problem which for the most part remains 
unresolved. Only recently has a_ properly 
controlled field study shown that typhoid vac- 
cination confers some level of protection 
_ against infection in man(1). In laboratory 
animals, some information indicates that re- 
covery from the disease yields best immunity 
to reinfection. In the past, such results were 
explained on basis of selection of innately re- 
sistant animals initially present(2). How- 
ever, Hobson(3) recently showed that mice 
infected with relatively avirulent strain of 
Salmonella typhimurium developed a resis- 
tance to reinfection with virulent strains with- 
out appreciable deaths occurring from initial 
infection. Studies using killed S. typhimu- 
rium vaccines to immunize against mouse ty- 
phoid demonstrated that these vaccines offer 
only low level of protection against infection 
under natural conditions(4) and are only 
somewhat more satisfactory against challenge 
by intraperitoneal route(5). In fowl typhoid, 


where recent studies have indicated that na- 
turally recovered chickens are immune to re- 
infection with Salmonella  gallinarum(6), 
Smith(7) showed that dead vaccines had lit- 
tle or no protective effect while good immu- 
nity was produced by live vaccines. In view 
of these findings, and since our previous at- 
tempts to protect against mouse typhoid with 
killed vaccines have been unsuccessful, a liv- 
ing avirulent mutant of S. typhimurium was 
sought for further investigation. Isolation of 
streptomycin-dependent bacterial strains by 
Miller and Bohnhoff(8) suggested a technic 
which could be employed to obtain an aviru- 
lent mutant of S. typhimurium. Herzberg and 
Elberg(9,10) reported isolation and charac- 
teristics of such mutant of Brucella melitensis 
and on use of this variant in immunization 
studies. This communication gives results in 
which living vaccines were employed to pro- 
tect mice against intraperitoneal challenge 
with a virulent culture of S. typhimurium. 
Materials and methods. Cultures. An an- 
tigenically complete culture of S. typhimu- 
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rium (1,4,5,12;i,1,2) designated as strain 10, 
was obtained from culture collection of Walter 
Reed Army Inst. of Research. Within 7 to 14 
days intraperitoneal injection of as few as 107 
cells of this strain resulted in death of 90- 
100% of mice of the Bagg strain. This cul- 
ture and a streptomycin-dependent (S?) mu- 
tant derived from it were employed in initial 
experiments. The S¢ mutant was obtained by 
plating approximately 5 x 10!° cells of strain 
10 on nutrient agar containing 0.6 mg/ml of 
streptomycin sulfate (Pfizer). A colony was 
observed after 5 days incubation at 37°C 
which, on further testing, proved a streptomy- 
cin-dependent, but otherwise unchanged, de- 
rivative of parent culture. The cultures were 
grown on nutrient agar (Difco), or with Sé 
variant of strain 10, on nutrient agar supple- 
mented with 0.6 mg of streptomycin/ml. Jm- 
munization tests. Living vaccines were pre- 
pared from washed cells of 16 hour cultures 
standardized turbidimetrically to contain 109 
bacteria/ml. Killed vaccines were obtained 
by heating aliquots of living preparation at 
56°C for 1 hour. Mice were immunized with 
0.5 ml of appropriate vaccine intraperitoneally 
and challenged by same route with 5 x 107 
cells of S. typhimurium strain 10 eighteen 
days later. This high challenge dose was 
chosen to provide a stringent test for the vac- 
cine thereby eliminating evidence of low level 
immunity previously reported(5). 

Results. Preliminary experiments demon- 
strated that some mice injected intraperitone- 
ally with 107 washed Sé cells of S. typhimu- 
rium died in 3 weeks following inoculation. 
Post-mortem cultures revealed presence of 
streptomycin independent S. typhimurium. 
In vitro tests were then carried out to deter- 
mine frequency of reversion of the S@ strain 
to streptomycin independence. When 108 
washed S¢ cells were plated on nutrient agar 
lacking streptomycin, approximately 4-5 col- 
onies appeared in 24 hours. These colonies 
were independent of and sensitive to strepto- 
mycin and were in sharp contrast to the slow 
residual growth of the cell population plated, 
occurring probably due to presence of intra- 
cellular streptomycin not removed by the 
washing process. As a result of this residual 
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growth, further reversions to streptomycin in- 
dependence were observed during the next few 
days of incubation. In view of the high viru- 
lence (LDgo-100 = 10? or fewer cells injected 
intraperitoneally) of the strain of S. ty phi- 
murium employed, the presence of even one 
reverted cell is undesirable. 


It is known that purine-requiring mutants 
of S. typhosa and Klebsiella pneumoniae do 
not multiply in the peritoneum of mice due to 
absence of purines in this region(11,12,13). 
Thus, to minimize or effectively eliminate re- 
versions from avirulent to virulent state im 
vivo, a streptomycin-dependent, purine-re- 
quiring mutant of S. typhimurium was iso- 
lated by subjecting the S¢ strain to ultraviolet 
irradiation followed by penicillin technic of 
Lederberg and Zinder(14). Studies to deter- 
mine frequency of back mutation of this ‘dou- 
ble mutant’ to the purine-streptomycin inde- 
pendent state indicated that such double re- 
versions could not be detected by either im 
vitro or in vivo procedures. 

A bacteriologic study of the fate of this 
double mutant strain following intraperitoneal 
injection into mice was then undertaken. The 
number of organisms of this strain which 
could be administered without causing deaths 
in mice was of the order of 5 x 10% bacteria. 
Blood, liver, spleen and peritoneal contents of 
groups of 10 mice were examined by streaking 
from these areas on plates of nutrient agar 
containing streptomycin at daily intervals fol- 
lowing inoculation of the cells. The results 
indicated a clearance of organisms within 72 
hours, such that no instances of positive blood 
or spleen cultures were detected with the 
method after 72 hours. At this time the peri- 
toneal fluid was also free of organisms. When 
bacterial counts were made on_ individual 
whole mice at periods after immunization us- 
ing Waring blender technic(15), a decrease in 
total number of organisms from original in- 
oculum of 5 x 108 cells to 1 x 10° cells oc- 
curred at the end of 7 days with a further de- 
crease to about 5 x 10! cells at the end of 18 
days. This double mutant strain was then 
employed in immunization experiments. 

Groups of mice were immunized with a 
single injection of either the double mutant, a 
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TABLE I. Comparison of Protection Afforded 
Mice against Intraperitoneal Challenge by Heat- 
Killed and Living Vaccines of S. typhimurium. 
SS 


Vaecine Deaths/Total* 
Heat-killed S. typhimurium, wild type 22/48 
Heat-killed 8. typhimurium, double 20/49 

mutant (S* Pur) 
Live S. typhimurium, double mutant 20/50 
(S* Pur-) 
Heat-killed S. fleaneri 47/47 
No vaccine 49/49 


* Challenge dose = 5 X 10? S. typhimurium ad- 
ministered intraper. 18 days after immunization 
with 5 X 10% cells of the vaccines. 
heat-killed preparation of these same cells, 
or a heat-killed Shigella flexneri vaccine. The 
S. flexneri vaccine was included as a control 
against possible development of a non-specific 
immunity similar to that described by Landy 
and Pillemer(16). Immunized mice and un- 
treated controls were challenged 18 days after 
immunization with 5 x 107 cells of the viru- 
lent, wild type strain of S. typhimurium. The 
results showed that when this high challenge 
dose was employed, the living vaccine was 
not superior to heat-killed vaccine in protect- 
ing mice. A typical protocol is presented in 
Table I. 

Discussion. These studies confirm observa- 
tions that heat-killed vaccines of S. typhimu- 
rium do not confer a high level of protection 
on mice against intraperitoneal challenge. An 
attempt was made to determine if living vac- 
cine would yield better results. However, 
when a streptomycin-dependent mutant of a 
highly virulent strain was used as living vac- 
cine, it proved unsafe; the combination of a 
relatively high reversion rate to streptomycin 
independence and high virulence of the strep- 
tomycin independent form was sufficient fa- 
tally to infect an appreciable number of mice 
receiving this preparation. To prevent rever- 
sion to the virulent state, addition of a purine 
requirement to the streptomycin-dependent 
strain was accomplished yielding a culture 
which was safe for use in mice as a living vac- 
cine. Nevertheless, this immunizing agent did 
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not prove to be significantly better than heat- 
killed vaccine in protecting animals against 
challenge doses administered by the intra- 
peritoneal route. 

Summary. A streptomycin-dependent mu- 
tant was isolated from a virulent strain of S. 
typhimurium for evaluation as a living vac- 
cine in mice. Jn vivo and in vitro studies 
indicated that this strain was unsafe as an 
immunizing agent due to reversions to strep- 
tomycin independence. A mutant of the 
streptomycin-dependent strain was obtained 
requiring purine, a nutritional factor absent 
in mouse peritoneum. Reversions of this 
double mutant strain to the purine-streptomy- 
cin-independent state could not be detected. 
The results of experiments comparing this 
living vaccine with heat-killed preparation in- 
dicated that the living vaccine was not supe- 
rior in protecting mice. 
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Enhanced 5-Nucleotidase Activity Associated with White Muscle Disease.” 
(25910) 


J. R. Scuusert, O. H. Mutu, J. E. OLDFIELD AND L. F. REMMERT 
(Introduced by J. S. Butts) 


Oregon Agric. Exp. Station, Corvallis, Oregon 


Histochemically it has been shown that the 
proliferation of connective tissue characteris- 
tic of human muscular dystrophy is accom- 
panied by an appreciably greater 5-nucleo- 
tidase reaction than is present normally(1). 
This observation prompted an investigation of 
the status of this enzymatic aberration in tis- 
sues from lambs previously characterized rela- 
tive to affectation by white muscle disease 
(WMD)(2). Results of such studies are re- 
ported here. 

Materials and Methods. ‘The assay proce- 
dure used includes experimentally indicated 
departures from conditions specified for other 
tissues(3). Three g samples of minced semi- 
tendinosus muscle were taken in duplicate 
from polyethylene packaged tissues which had 
been stored frozen up to 18 months beyond 
necropsy. The tissue was comminuted in 0.05 
M NaCl-0.005 M Tris buffer, pH 8.3 using a 
glass mortar and pestle and a Potter-Elvehjem 
homogenizer. The supernatant fraction from 
15 minutes centrifugation at 5,000 « g was 
diluted with buffer to 10 times the weight of 
the tissue. One-half of this extract was dia- 
lyzed 20 hours against 25 volumes of buffer 
which was changed once. After recentrifuga- 
tion, the supernatant fraction of the dialyzate 
was diluted with buffer to 20 volumes relative 
to the original sample weight. All steps were 
performed at 0-5°C. Aliquots representing 
100 mg tissue equivalent of the freshly pre- 
pared or dialyzed extracts were assayed sepa- 
rately. The nitrogen contents of each enzyme 
preparation and of the residue from initial 
centrifugation were determined by the Kjel- 
dahl procedure. Three incubation mixtures 
were used in assaying the hydrolytic activity 
in each enzyme preparation, one containing 
no substrate, one containing adenosine-5’- 
monophosphate (AMP) and one with p-nitro 
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phenyl phosphate (NPP). Incubation was 
carried out in 45 ml glass-stoppered centrifuge 
tubes containing 0.051 M Tris buffer, pH 8.3, 
0.01 M NaCl, 29 pmoles substrate (if any) 
and enzyme in a total volume of 10 ml. Two 
ml aliquots of brei were withdrawn and added 
to 8 ml 10% trichloroacetic acid (TCA) im- 
mediately after adding enzyme and again after 
a one hour incubation at 37°C with shaking. 
Phosphorus contents of TCA filtrates were de- 
termined by the Fiske-Subbarow procedure. 
Net amount of phosphorus liberated from each 
substrate was taken as the final less the ini- 
tial values, further corrected for amount re- 
leased in absence of substrate. The latter 
values were consistently negligible. 

Results. Under the conditions described, 
hydrolysis of AMP was linear during the in- 
cubation period and was proportional to en- 
zyme concentration. The enzyme was satu- 
rated at concentration of AMP used. A rather 
broad pH optimum was found for AMP hy- 
drolysis between 8.8 and 7.8, but the activity 
decreased markedly towards pH 7.5. Activity 
against NPP, however, was minimal at pH 
8.3. Dialysis resulted in virtual elimination 
of NPP hydrolysis while consistently enhanc- 
ing that of AMP. 

On a tissue equivalent basis, the full activ- 
ity of homogenates was retained in superna- 
tant fractions up to 25,000 *& g. Prior au- 
tolysis of several homogenates for 3 days at 
70°F under chloroform(3) resulted in sub- 
stantially reduced activity. Rehomogenization 
of initial tissue residues did not materially 
change the ratios of activities obtained with 
diseased and normal tissues. 

The 5-nucleotidase activities found in tis- 
sues from normal and WMD lambs necropsied 
from 2 to 6 weeks of age, and in tissues from 
their twins sacrificed at less than one week of 
age(2), are shown in Table I. 

Compared to the notably constant 5-nucleo- 
tidase activity in tissues from control lambs, 
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WMD tissues exhibited a range in values up 
to 12-fold the normal average, probably re- 
lated to stage of the pathological process(4). 
The differences were no less when expressed 
on an enzyme nitrogen basis, or when related 
to the dry matter or nitrogen contents of the 
tissues. There was little difference in activi- 
ties in tissues from the twins of normal and 
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WMD animals, sacrificed at a few days of 
age. 

Nonspecific phosphatase activity against 
AMP, as measured by NPP hydrolysis(3), 
could be virtually restored in dialyzed enzyme 
preparations by addition of 1 x 10% M Mg*. 
An apparent Mg** stimulation of 5-nucleo- 
tidase activity in nondialyzed preparations 
could be accounted for by increases in NPP 
hydrolysis, as could additional stimulation in 
combination with 1 x 10+ M ethylenediamine 
tetracetic acid. The latter alone, however, 
inhibited both hydrolyses severely. Calcium 
ions added up to 0.1 M were without effect on 
enzyme preparations from either normal or 
WMD tissues. 

These results lend credence to the earlier 
postulate of the possible importance of the 5- 
nucleotidase reaction in soft tissue calcifica- 
tion(5). Considering WMD in part as a 
growth aberration(6), the reaction could con- 
ceivably assume a role in deranged nucleopro- 
tein and protein syntheses. Levels of 5-nu- 
cleotidase activity in tissues from lambs vari- 
ously responding to selenium and vitamin E 
therapy(2,6), are currently under study. 
Similar studies are also being made of analo- 
gous conditions with respect to rat liver ne- 
crosis(7). 

Summary. Suitable conditions for assay 
for 5-nucleotidase activity in lamb skeletal 
muscle tissue are described. The activity of 
this enzyme was significantly greater in tis- 
sues from lambs affected by white muscle dis- 
ease than in tissues from normal lambs. 


The authors acknowledge efficient technical assis- 
tance of Pauline Fleetwood. 
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Rash Induction by Intracellular Products of Group A Streptococci.* (25911) 


NATALIE CREMER AND DENNIS W. WATSON 
Dept. of Bacteriology, University of Minnesota, Minneapolis 


Extensive work(3,4,5,12) has been done 
on electrophoretic separation of intracellular 
components of group A streptococci. How- 
ever, there are fewer reports on biologic activ- 
ity in vivo of such fractions(11). This study 
was undertaken to investigate chemical sepa- 
ration, antigenic constitution and intradermal 
biologic activity of fractions obtained by 
starch electrophoresis. 

Materials and methods. Preparation of 
streptococcal extracts. Five to 6-hour cultures 
of group A streptococci, types 18 and 4 and 
strain NY5 were grown in a completely di- 
alyzable medium(13). After harvesting the 
bacteria by centrifugation in a Sharples, they 
were washed 3 times with distilled water and 
resuspended in distilled water, 30 g wet 
weight plus 100 ml water. Thirty-ml aliquots 
were disrupted in a 9 kc Raytheon, 2% to 3 
hours, 130 plate voltage, temperature 4°C. 
Sonic extracts were cleared of cellular debris 
by centrifugation 1 hour, 12,800 to 15,000 g 
in a refrigerated Serval. Supernates were 
dialyzed against saline or balanced salt solu- 
tion for 24 hours at 2°C, filtered through an 
02 Selas filter, placed in ampules and frozen 
at —70°C. Similar sonic extracts of Salmon- 
ella typhosa Ty2 were prepared. Bacteria 
grown on veal infusion agar were exposed to 
sonic oscillation for 14 hour. Fractionation of 
sonic extracts. One streptococcal type, 18, 
was separated by starch electrophoresis(7), 
veronal buffer pH 8.6, ionic strength 0.1, po- 
tential gradient 500 volts, 16 hours. After 
completion of run, the block was cut in 1% 
cm strips, from point of origin. Five to 6 
blocks were done in succession, comparable 
strips pooled and eluted with 100 ml distilled 
water by washing on a sintered glass filter of 
medium porosity under suction. Pooled frac- 
tions were concentrated to about % the origi- 
nal volume of extract by ultrafiltration(2). 
Starch control fractions were processed in the 
same way. All procedures were done in a 1°C 
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cold room. An aliquot of each fraction was 
saved for chemical analyses; the remainder 
was dialyzed against 0.85% saline, placed in 
ampules and frozen at —70°C. Chemical 
analyses of fractions. Each pooled fraction 
was analyzed for RNA by the orcinol method 
(1), for total phosphorus by the method of 
Fiske and Subbarow(6), for DNA by the di- 
phenylamine reaction(1) and tyrosine by the 
Folin-Ciocalteau method. Serologic activity 
of fractions. Each fraction was checked with 
T18 type specific antiserum, group A specific 
antiserum, and with antiserum prepared 
against either viable T18 streptococci or 
against T18 streptococcal sonic extracts. The 
Ouchterlony technic was used. Biologic ac- 
tivity of sonic extracts and fractions obtained 
by starch electrophoresis. Injections of whole 
sonic extracts, 1.0 to 1.5 ml, and fractions 0.5 
ml, were made intradermally on the shaved 
abdominal surface of American Dutch’ rab- 
bits, average weight 1 kg. Jntradermal con- 
trol injections. Intradermal injections of 1.0 
ml were made into rabbits with sterile bal- 
anced salt solution; sterile 0.85% _ saline; 
trypsin (Difco) 5 mg/ml in balanced salt 
solution, final pH 7.8; histamine acid phos- 
phate 0.275 mg/ml suspended in 0.9% saline 
equivalent to 0.1 mg histamine/ml (Eli Lilly 
and Co.) ; concentrated extracellular products 
of T18 containing 4 mg lyophilized material 
per ml; supernate from rabbit epithelial ho- 
mogenate with and without added cysteine. 
Results. Chemical analyses of fractions. 
These data are given in Table I. Serologic 
study on fractions. Fractions 1 through 7 
taken from the positive side of the origin 
formed multiple lines of precipitate with T18 
antiserum (Fig. 1). No lines of precipitate 
formed with fractions beyond 8 or with frac- 
tions taken from the negative side of the ori- 
gin. Fractions 0 through 7 reacted with type 
specific M antiserum, fractions 0, 4, 5, 6, 7 
forming one line of precipitate, fractions 1 
and 3 two lines, and fraction 2 three lines, 
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TABLE I. Chemical Analyses on Fractions from 
Starch Electrophoresis.* 
eee 


Y ug/ml 
No. fractiont Tyr ie DNA RNA 
—1 through —5 = == a = 
0 — — — — 
1 28 = — — 
2 100 9 — — 
3 310 43 — 92 
4 460 127 = 800 
5 400 290 a 3160 
6 240 404 = 5000 
if 53 210 85 2580 
8 = 91 440 660 
9 == 54 610 190 
10 -— 28 360 12 
alt — 8 120 a 


12 through 16 — = —= sae 


* Tests on starch control fractions read between 
.0-.4 O.D. In reading test fractions, starch control 
fraction was set at .0 O.D. 

+ Fractions taken from negative side of origin 

(0) are designated as minus. 
Only fractions 1 and 2 reacted with group A 
specific antiserum. One broad line of pre- 
cipitate was formed with each of the 2 frac- 
tions. 

Intradermal activity of sonic extracts and 
fractions. Slight to considerable edema de- 
veloped 3 to 6 hours after injection of sonic 
extracts and certain fractions into rabbits. 
Fractions 0 through 8 were the most active 
in eliciting an early reaction. The edema 
gradually subsided during the next 24 to 48 
hours. Approximately 96 hours post-injec- 
tion, 2 types of lesions began to develop in 
some of the animals, a remittent nodular reac- 
tion, grossly resembling that previously de- 


a | 
FIG. 1. Ouchterlony plate showing antigenic heter- 
ogeneity of starch fractions. Center well antisertin 
to T18 extract. Peripheral wells, crude sonie ex- 
tract of T18 and fractions, as numbered. 
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scribed by Schwab and Cromartie(9,10) and 
a spreading erythematous eruption resembling 
that described years ago by Rivers(8). The 
latter lesion appeared the 3rd to 4th day post- 
injection. Its advancing border was mar- 
ginated, slightly raised from the normal sur- 
rounding skin. There was very little edema 
or induration. The bright red lesion faded 
the 6th to 8th day. Heavy desquamation of 
the involved area began the 9th to 11th day. 
After the original lesion faded, a fresh, bright 
red eruption (secondary lesion) occurred 
adjacent to the original lesion (primary le- 
sion) in about 10% of the reactants. Several 
days later the new extension faded and even- 
tually desquamated. Rarely a tertiary exten- 
sion adjacent to the secondary lesion occurred 
about the 10th to 11th day post-injection. 
Tables II, III, and IV present these data. 
Figs. 2 and 3 show the reaction. 


TABLE II. Intradermal Activity of Strep. Ex- 
tracts in Causing an Erythematous Eruption. 


Strepto- No.of No. developing lesion 


cocci rabbits Primary Secondary Tertiary 
T4 10 5 == = 
NY5 47 25 — — 
T18 142 62 10 4 
Studies on erythematous eruption. Upon 


centrifugation of crude sonic extracts at 
105,400 g for 1 hour in a refrigerated Spinco, 
both sediment and supernate were active in 
producing the eruption; the activity causing 
recurrent nodular formation was concentrated 
primarily in the sediment. By intradermal 
injection of supernate only, the erythematous 


TABLE III. Erythematous Eruption Caused by 
I.D. Injection of Certain Fractions.* 


No. of rabbits developing lesion 


Primary Secondary 
No. fraction lesion lesion 

Ct —~ — 

1 5 — 

2 5 — 

3 5 2 

if 5 — 

8 2 a 
10 2 oe 
13 2 —- 


* Result of 2 separate experiments. Fractions —4 
through 15 were each inj. into 9 rabbits. All frac- 
tions not listed did not produce this reaction. 

t Starch control. 
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TABLE IV. Nodule Formation Caused by I.D. In- 
jection of Certain Fractions.* 


No. of rabbits 


developing 
No. fraction nodules 
Ct — 
1 4 
2 8 
3 8 
4 3 


* As under Table III. +t Starch control. 
eruption occurred in absence of nodular for- 
mation. 

To determine extent and duration of capil- 
lary damage, after development of the erup- 
tion, 5 ml of a 1% saline solution of trypan 
blue was injected intravenously. The first 2 
days after appearance of the lesion, the dye 
appeared immediately over the eruption area. 
On the 4th-8th day, accelerated appearance 
of dye occurred only at the periphery of the 


FIG. 2 (top). Primary erythematous eruption 
showing marginated, slightly raised advancing bor- 
der. 

FIG. 3 (bottom). Fresh secondary extension of 
the eruption adjacent to the now desquamating 
original lesion, 6 to 8th day post-inj. 
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lesion. By the 9th day there was no accel- 
erated appearance of dye, the animal became 
uniformly blue as time elapsed. 

The variability in rabbit response made it 
difficult to study the mechanism of the reac- 
tion. Using the same extract, rabbits showing 
a positive reaction varied from 8 out of 10 
to 0 out of 10. The variability was not cor- 
related with aging of the extract. The lesion 
could be the result of a humoral or delayed 
type hypersensitivity present in only certain 
rabbits. Therefore 2 groups of rabbits were 
given multiple subcutaneous and intradermal 
injections over the back and legs with equal 
parts of Freund’s complete adjuvant and 
streptococcal extract. Three weeks later both 
groups reacted with strong Arthus reactions to 
an intradermal injection of homologous sonic 
extract. One group, 6 out of 11 rabbits, de- 
veloped a rash with 2 of the reactants showing 
a secondary extension of the lesion. In the 
other group, O out of 8 rabbits developed a 
rash. The presence of circulating antibody 
did not insure either production of a positive 
reaction or inhibition of the reaction. 

Intradermal activity of control injections. 
These data are given in Table V. Only S. 
typhosa extract produced a lesion similar to 
streptococcal extracts. 


TABLE V. Intradermal Activity of Control Injee- 
tions in Causing an Erythematous Eruption. 


No. with No. with 
No. of typical minimal 
I.D. injection rabbits reactions reactions* 
Cone. extracellular 10 0 0 
products of T18 
Histamine ze 0 2 
Epithelial homoge- 0 1 
nate 
Idem with cysteine wv 0 3 
Trypsin Ti 0 J 
Saline 29 - 0 7 
Balanced salt solu- 53 0 6 
tion 
S. typhosa sonie 10 3t 
extract 


* Streaks of erythema; similar reactions in test 
animals were called negative. 

t Within 5 to 15 min. after inj., all rabbits devel- 
oped hemorrhage at inj. site. This reaction pro- 
ceeded to lysis of epithelium during next hours. 

¢ Two of the 3 reactants developed a secondary 
extension of the reaction. All developed a necrotic 
lesion. None formed remittent nodules. 
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Discussion. By sonic disruption of bac- 
teria, a heterogenous population of macro- 
molecules is probably obtained. Thus, com- 
mon antigenic and toxic groups might be 
attached to molecules of various sizes and 
charges which would be dispersed widely in 
starch electrophoresis. The antigenic hetero- 
geneity of the fractions and wide dispersal of 
the active material causing the erythematous 
eruption substantiate this idea. 


Rashes and eruptions are found in many 
human streptococcal infections. This reac- 
tion resembles the eruption seen in human 
erysipelas. The eruption may be due to a 
preexisting state of hypersensitivity in some 
of the rabbits or to induction of a hypersensi- 
tive state by the streptococcal injection. Al- 
ternately the streptococcal injection may acti- 
vate release of deleterious host products which 
in turn produce the reaction. Intravenous in- 
jection of trypan blue revealed persisting cap- 
illary damage at periphery of the lesion at a 
time when the secondary eruption normally 
occurred. The latent period necessary for 
production of the rash supports either theory. 
The negative results obtained in this study 
following both lines of reasoning do not neces- 
sarily rule out either hypothesis. 

Summary. Intradermal injection of crude 
sonic extracts and fractions obtained by 
starch electrophoresis of group A streptococci 
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produced a spreading erythema in a variable 
percentage of rabbits. Recurrence of the le- 
sion developed in about 10% of rabbits after 
abatement of primary lesion. The variability 
in rabbit response made it difficult to, charac- 
terize the active principle and to determine 
the underlying mechanism of the reaction. 
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Production of Normal-Lived Erythrocytes with Erythropoietin.* (25912) 


D. C. Van Dyke Anp N. I. BERLIN 
Donner Lab. of Medical Physics, University of California, Berkeley; and National Cancer Inst., 
NJI.H., Bethesda, Md. 


Although erythropoietic hormone may be 
an important factor in normal regulation of 
erythropoiesis, it can be obtained in signifi- 
cant amount only from animals whose eryth- 
ropoiesis is markedly disturbed(1). If eryth- 
ropoietin is part of the normal mechanism of 
erythropoiesis, one would expect administra- 
tion of this hormone to result in production 

* This work supported in part by funds from 
U. S. Atomic Energy Comm. 


of normal erythrocytes. If production of 
erythropoietin is an emergency measure de- 
signed to flood the circulation with hastily or 
incompletely formed red cells, one might ex- 
pect to find evidence of this in abnormal 
morphology, incomplete or abnormal hemo- 
globinization, increased fragility, or in short- 
ened average survival time in the circulation. 
Gordon ef al.(2) investigated the properties 
of erythrocytes produced under the stimulus 
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of human urinary erythropoietin and found 
normal osmotic fragility and oxygen carrying 
capacity and no increase in amount of abnor- 
mal hemoglobin. However, because it has 
been suggested(3) that erythrocytes with an 
abnormally short life span are produced after 
acute bleeding (a time when erythropoietin is 
found in high concentration in the circula- 
tion), it was considered important to deter- 
mine the im vivo survival of erythrocytes pro- 
duced under the influence of administered 
erythropoietin. 

Material and methods. Erythropoietin used 
was obtained by the same method and from 
the same patient described earlier(4). By di- 
rect comparison of methods, it has been de- 
termined that 1 mg of human urinary erythro- 
poietin used for the published dose response 
curves(4) is equivalent to approximately 7 co- 
balt units as described by White e¢ al.(5). 
Two groups of 10 normal female rats of Long- 
Evans strain with an average weight of 187 g 
were used in this study. One group was given 
the equivalent of 6 cobalt units of human uri- 
nary erythropoietin subcutaneously daily for 
10 days. On the 5th day (in middle of injec- 
tion period) both groups were given 10 micro- 
curies of glycine-2-C1* intraperitoneally. All 
animals were weighed periodically so that an 
accurate correction could be made for dilu- 
tion of specific activity due to blood volume 
increase. In order to minimize blood loss due 
to sampling, only 5 animals of each group 
were sampled at each interval; 0.25 ml sam- 
ples were drawn from the tail vein into a 
heparinized syringe. The cells were washed 
3 times with physiological saline and specific 
activity of BaC'4O. prepared from hemo- 
globin determined as described previously 
(6). 

Results. A single microhematocrit deter- 
mination was done the day after last injection 
of erythropoietin (on the 11th day). The av- 
erage hematocrit for the injected group was 
57.3 + 2.1 as compared to 44.3 + 0.46 for 
controls, indicating that erythropoiesis had 
been effectively stimulated. After 14 days of 
treatment with the same dose of erythropoie- 
tin one would expect approximately a 40% 
increase in total circulating red cell volume 
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Erythropoietin freated 
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CPM/mg BaC Op x Body wt 


) 8 16 24 32, #0 48 56 64 
Days after glycine 2-C © administration 


FIG. 1. The shape of both curves is compatible 

with finite life span and the point at which specific 

activity falls to % the plateau value is the same 
(51 days) for both groups. 


(4). A growth curve was kept during the 
course of the experiment and the value ob- 
tained for each sample was corrected for dilu- 
tion due to growth. A further small correc- 
tion was made for loss of activity due to 
sampling. The results are presented in Fig. 
1. The injected group incorporated more 
than twice as much glycine into red. cells as 
did the controls, substantiating the fact that 
erythropoiesis had been accelerated at time of 
glycine administration. 

The shape of both curves is compatible 
with a finite life span and the point of inflec- 
tion or point at which specific activity falls 
to %4 is the same for both groups. The time 
at which level of activity fell to % the pla- 
teau value was 51 days in both groups. This 
value is in fair agreement with previously pub- 
lished data from this laboratory (7,8,9) using 
glycine-2-C™, but is less than the recent 59 
day estimate of Belcher and Harriss using 
Fe and a Bartonella-free strain of rats(10). 

Discussion. Erythropoietic hormone as- 
sumes a greater physiological importance if it 
can be established that it represents part of 
the normal mechanism by which red cell pro- 
duction is controlled. Cells formed under in- 
fluence of this hormone are indistinguishable 
from normal erythrocytes as far as survival 
time in circulation, pattern of hemoglobin 
electrophoresis (2), osmotic fragility and oxy- 
gen carrying capacity(2). Alpen et al.(11, 
12) emphasized that both bleeding and hu- 
man urinary erythropoietin administration 
cause a greatly increased output of erythro- 
cytes, not by any change in marrow dynamics, 
but by stimulating stem cell division. An ef- 
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fect at the stem cell level would be expected 
to result in production of normal erythro- 
cytes. Thus, there is no evidence to indicate 
that erythropoietin is part of an abnormal 
mechanism. 

Summary. Erythrocytes produced in rats 
under stimulus of human urinary erythropoie- 
tin have a normal survival time in circulation. 
This and other evidence suggest that erythro- 
poietin administration results in production of 
normal erythrocytes. This evidence is com- 
patible with the concept that erythropoietin 
is part of the normal mechanism controlling 
erythropoiesis. 
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Direct Measurement of 'Radioactive Sulfate Uptake by Rat Mast Cells.* 
(25913) 


Davin Lacunorr,t RoBERT CALHOUN} AND Ear P. BENDITT 
Dept. of Pathology, University of Washington, Seattle 


The in vivo uptake of S*°O, by an organic 
component of mast cells has been demon- 
strated using autoradiography. By means of 
intensity grading(1) or grain counting(2) an 
estimate of rate of uptake and loss of radioac- 
tivity was achieved. The grading method is 
at best semi-quantitative, while the grain 
counting technic is cumbersome. Therefore 
we searched for a quantitative method of 
reasonable simplicity. Millipore filters have 
proved useful in several types of cytologic 
study. Collection of free cells on these filters 
has been employed in clinical cancer cytology 
(3,4), in in vitro studies of cell function(5) 


* This work supported in part by grant from 
WSR iets. 

t Work performed as U. S. Public Health Service 
Post-doctoral Research Fellow of Nat. Heart Inst. 

+ Medical Student Summer Trainee in Exp. Path- 
ology, present address: Jchns Hopkins Schocl of 
Med., Baltimore, Md. 


and in tissue culture(6). This study was 
undertaken to extend this method of cell col- 
lection to permit direct measurement of in- 
corporation of radioactively labeled sub- 
stances into cells. The cells chosen for the in- 
vestigation were free peritoneal mast cells of 
the rat. Radioacitve sulfate was used as the 
tracer compound, since sulfate is known to 
be incorporated into mast cell heparin(7). 
Materials and methods. Isotope labeled 
sulfate obtained as H»S?°O, in dilute HCl 
was titrated to neutrality with NaOH and di- 
luted to the desired concentration with .8% 
aqueous NaCl. This solution was adminis- 
tered intravenously in the tail of an etherized 
rat. Sprague-Dawley male rats weighing 280- 
390 g were used in most experiments. Mast 
cells were obtained from rat peritoneal cavi- 
ties by the procedure previously described(8). 
Separation of mast cells from other peritoneal 
cells was achieved by centrifugation through 
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concentrated sucrose solution(9). Samples of 
the cells in the initial peritoneal washings as 
well as the separated cell fractions were col- 
lected on Millipore filters, Type AA, 1 inch 
diameter, using the standard chimney assem- 
bly (purchased from Millipore Filter Corp., 
Watertown, Mass). The cells were washed 
with Tyrode’s solution and the filters allowed 
to dry on the absorbent pads supplied with 
the filters. A glass slide placed over the filter 
prevented curling during drying. The Milli- 
pore filter on the pad was then placed di- 
rectly in a 1 inch inner diameter planchette 
and the radioactivity measured. A GM tube 
with a “micromil” window (Nuclear, Chi- 
cago) was used. Counting rates were re- 
corded in counts per minute (CPM) and were 
corrected for background. No corrections for 
isotope decay were necessary since all meas- 
urements within a single experiment were 
made on the same day. Counting rates were 
low enough to cbviate a correction for resolv- 
ing time. A small number of autoradiographs 
were prepared by the coating emulsion tech- 
nic. Following 4% formaldehyde fixation, the 
filters were dried between 2 glass slides, at- 
tached to a slide with nitrocellulose and 
coated with NTB-3 emulsion (generously sup- 
plied by Eastman Kodak Co., Rochester, N. 
Y.). The emulsion was then exposed for 14 
days at 4°C and developed in Kodak Dektol. 
The filters were stained with 1% aqueous 
safranin O, dehydrated through alcohol, 
cleared in xylene and mounted in permount. 

Results. Examination of toluidine blue 
stained Millipore filter preparations revealed 
the mast cells and other cells to be distributed 
in a single layer on the filter. The conditions 
of counting therefore were those of a very 
thin layer, uniformity of the layer depending 
on cell thickness. In order to test the feasi- 
bility of direct counting on the filter, counts 
per minute were measured for varying num- 
bers of S*°O, containing mast cells from the 
same animal. The data from this experiment 
are presented in Fig. 1. The coefficient of 
correlation of numbers of cells with CPM was 
+ .98, indicating linearity within the range 
of the numbers of cells used. 

A study of the relationship of administered 
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FIG. 1. Relationship between CPM/Filter and 
No. of mast cells/filter. Initial peritoneal washing 
from one animal was diluted to give varying num- 
bers of S*O, labeled mast cells. Two filters were 
prepared at each dilution and counting was earried 
out for 3 min. 

FIG. 2. Effeet of dose of S*®O, administered on 
CPM/10° mast cells 24 hr after I.V. administration. 
Each point represents avg of counts on 2 filters 
prepared from one animal. Counting was carried 
out for 3 min. 


dose of S*°O, to radioactivity incorporated 
into the mast cells provided a further test of 
the method. A linear relation was obtained 
(Fig. 2). 

Since the first 2 experiments were conducted 
with complete peritoneal cell washings it was 
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of interest to know whether or not all the ra- 
dioactive label was present in the mast cells 
and further to examine the rate of incorpor- 
ation of S*'O, into mast cells. Ten rats were 
given 1.25 yuc/g body wt. of S?°O, intrave- 
nously, and at each of the times, 2, 4, 16, 48 
and 168 hours following administration 2 ani- 
mals were sacrificed. Radioactivity of the 
whole cell population, the mast cell fraction 
and the interface mixed cell fraction was 
measured on 2 samples from each of the ani- 
mals. Mast cells comprised, by number, 5 
+ 2% of the initial peritoneal washings, 94 
+ 4% of the mast cell fraction (MC Frac- 
tion) and 1 + 0.3% of the other peritoneal 
cell fraction (OPC Fraction). Since neither 
the MC fraction nor the OPC fraction con- 
stituted a uniform cell population, the values 


2 CPM 
force M per 10? mast cells -———_— and’ CPM 


10° MC 
10° oth i 1 cell ee 
per 10° other peritoneal cells 10° OPC were 
derived from the solution of 2 simultaneous 
equations: 
CPM ; ORC >< 110° ; CPM , MC X 10° 
“10°OPC Filter  ° 10°MC Filter 
CPMwc Fraction 
Filter 
5 CPM : ORCS <al0e CPM : MiCex< 108 
10° OPC Filter 10° MC Filter 
CRMcrcumsction 
Filter 


Data for radioactivity of the mast cells and 
the other peritoneal cells are presented graphi- 
cally in Fig. 3. By 24 hours radioactivity of 
the mast cells accounted for 89% of the radio- 
activity in the total peritoneal cell population. 

The internal consistency of the values ob- 


CPM CPM 
IMKC. reaver eyaV6l 


10° 10° 

OPC Fraction was established by multiplying 

these values by the respective numbers of cells 

in the initial washings. The sums of these two 
PM 


eee ACK: 
Filter 


pected, were compared to the values obtained 
from direct measurements of filters prepared 
from the initial washings. Close agreement 
was observed as seen in Table I. 


tained for the 


products, representing the total 


Orit 


TABLE I. Comparison of Expected and Obtained 
Radioactivity of the Initial Washings. 


CPM* 


Time, hr Expected Found 
2 113 125 
4 106 107 
16 100 114 
48 182 168 
168 199 len 


x 


Avg values from 2 animals with 2 filters 


counted on each animal. 


An analysis of the errors of measurement 
was made. When CPM for 27 pairs of du- 
plicate filters were compared, the mean devi- 
ation from the means of the pairs was 9.1% 
with a standard deviation of + 7%. This 
variation is accounted for by errors in pip- 
ette measurements of aliquots delivered to 
the filters and the probable lack of uniform 
distribution of cells in the solution. This lat- 
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Each point represents the avg of counts on 2 filters 
prepared from one animal. Time required to aceu- 
mulate 1000 counts was measured. 
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ter factor is of particular significance in the 
viscous sucrose solutions. The larger varia- 
tion obtained when results from 2 animals 
were compared (mean deviation from the 
mean of a pair was 20% with a standard de- 
viation of + 10% for 10 pairs) was pre- 
sumably a function of biological variation and 
variations in cell counts. This latter error is 
remediable by counting a greater number of 
cells. 


Discussion. Recent evidence has confirmed 
the fact that heparin is the sulfated mucopoly- 
saccharize which confers on mast cells their 
characteristic metachromasia(7,10,11). Jn 
vitro experiments with a serially propagated 
mouse mast cell tumor have elucidated in part 
the mechanism of incorporation of sulfate into 
mast cell heparin(12). Though it is probable 
that most of the sulfate incorporated into 
mast cells in our studies is located in the 
heparin, definite proof of the chemical site 
of incorporation requires extraction and iden- 
tification of the S*°O, containing  sub- 
stance(s). 


Our experiments indicate that peritoneal 
mast cells do incorporate intravenously ad- 
ministered sulfate and that the loss of the sul- 
fate is sufficiently low to be indiscernible with- 
in a period of 7 days. Guidotti(2) employ- 
ing autoradiography in a study of SO, me- 
tabolism by tissue mast cells, found a 50% 
loss of activity on the basis of track counts in 
adult rat abdominal skin mast cells in the pe- 
riod between 48 and 144 hours after a single 
LV. dose of S*°O,. Our data are too scant to 
assert categorically a significant difference 
from Guidotti’s results. The apparent dis- 
crepancy between his results and those of 
Jorpes et al.(1) is similarly in question. Fur- 
ther quantitative data with careful control of 
such parameters as site of origin of mast cells, 
and age and sex of rats employed are required 
to resolve the problem. 

The Millipore filter method for direct deter- 
mination of mast cell radioactivity should per- 
mit study of rate of incorporation and turn- 
over of sulfate in the cells under various con- 
ditions known or postulated to affect mast 
cells such as antigen-antibody reactions, 48 / 
80 treatment, hormonal excess or deficiency, 
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FIG. 4. Autoradiograph at 24 hr of peritoneal 
cells, prepared by coating emulsion technic. 14 
days exposure at 4°C. Stained with .1% Safranin 
O. The large stained cells are the mast cells; the 
other cells appear only as faint ghosts. 
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and aging. The method provides a measure 
of mast cell activity quite different from 
changes in number, morphology and amine 
content previously relied on for information 
in elucidating the function of mast cells. 

The significance of the presence of S?°O, in 
the peritoneal cells other than mast cells 4 
hours after administration of the sulfate is 
not known. Since this fraction is diverse, in- 
cluding neutrophils, eosinophils and lympho- 
cytes, it may be that only one of these cell 
types is responsible for the radioactivity of 
this fraction. Careful autoradiography should 
reveal any non-uniform distribution of the 
S*5O, in these cells. 

The method of direct counting of a mono- 
layer of radioactively labeled cells on Milli- 
pore filters in conjunction with cell separation 
technics has proved applicable to study of sul- 
fate incorporation by mast cells. The method 
is potentially useful for studies of other cells 
found in suspension normally or separated 
from tissues or tissue culture outgrowths with 
agents such as trypsin and ethylenediamine- 
tetraacetic acid. The application of the Milli- 
pore method of collecting mast cells has been 
reported in an examination of the mechanism 
of degranulation(13). é 

Summary. 1) Radioactivity of S*°O, la- 
beled cells can be measured directly with cells 
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collected on Millipore filters. 2) Following a 
single intravenous injection of S*°O, rat peri- 
toneal mast cells take up the radioactivity ; 
the maximum is reached by 48 hours. No 
loss of radioactivity is evident in the follow- 
ing 5 days. Radioactivity in other free cells 
of peritoneal fluid attains a maximum at 4 
hours and then falls rapidly to low levels. 
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Local Shwartzman Reaction in Rabbit Oral Mucosa with Endotoxin from 


Oral Bacteria.* 
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(Introduced by I. Zipkin) 
Nat. Inst. of Dental Research, N.I.H., U. S. Dept. H.E.W., Bethesda, Md. 


Although endotoxins from many bacteria 
have been isolated and tested for toxicity, lit- 
tle work has been devoted to endotoxins from 
oral microorganisms. Recently, endotoxins 
from oral bacteria, isolated by tryptic diges- 
tion of cells and also by the phenol-water ex- 
traction method, were shown to possess many 
chemical properties and biological activities 
characteristic of classical lipopolysaccharide 
endotoxins(1,2). Primary toxicity to rabbit 
skin was demonstrated, and the localized 
Shwartzman reaction of hemorrhagic necrosis 
was produced by administering these endo- 
toxic preparations first locally into skin, and 
then intravenously. The local Shwartzman 
effect has been achieved with many endotoxins 
in different tissues(3,4) yet no successful at- 
tempts seem to have been made to produce 
this reaction in tissues of the oral cavity. Be- 
cause of the possibility that bacterial endo- 
toxins may have etiologic significance in oral 


7 ——————————— 
* The authors express thanks to Dr. Harold Stan- 


ley for aid in preparation of histological specimens 
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soft tissue diseases either through primary lo- 
cal toxicity or through Shwartzman-like ef- 
fects, one of the recently isolated endotoxins 
was tested in rabbit oral mucous membrane. 
Materials and methods. New Zealand 
white rabbits weighing 1.7 to 2.5 kg were 
anesthetized by intravenous injection of 40 
mg per kg of pentobarbital and access to the 
posterior oral region was obtained by means 
of a rodent mouth prop previously described 
(5). With a modified 30 gauge needle, 50-100 
pg (0.2 ml) of an endotoxin prepared by the 
phenol-water method from Veillonella organ- 
isms(1) was injected into an area which in- 
cluded the gingiva and palatal mucosa adja- 
cent to the last 2 upper molar teeth. The 
corresponding site of the contralateral side 
was given a control injection either of 100 pg 
(0.2 ml) of soluble products from a human 
oral strain of viridans streptococcus or of 0.2 
ml of 0.85% sodium chloride (saline). The 
streptococcal products contained proteins(6), 
carbohydrates (Molisch), and chloroform- 
soluble lipids, derived also by the phenol- 
water extraction procedure. Comparable dos- 
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ages of these substances were also injected 
into the shaved skin of the animals. To test 
for the Shwartzman reaction, rabbits were 
given 125 yg of Veillonella endotoxin in the 
marginal ear vein 12-24 hours after local in- 
jection. Approximately 6 hours following 
the intravenous dose, animals were sacrificed, 
and tissue surrounding and including the mo- 
lar teeth was fixed in formalin. Subsequently, 
the specimens were decalcified in 5% formic 
acid, imbedded in paraffin, and sectioned at 
7 ». In some instances, the soft tissue which 
included the lesion was dissected from bone 
and tooth and processed for histological exam- 
ination without decalcification. Sections 
stained with hematoxylin and eosin, with 
Lillie’s azure-eosin, and by the periodic acid- 
Schiff method were examined microscopically. 

Results. In rabbits given preparatory and 
provoking injections of endotoxin, gross signs 
of the local Shwartzman reaction were evi- 
dent. Dark red hemorrhagic areas became 
visible in the prepared sites within several 
hours following the intravenous dose, whereas 
control sites injected with streptococcal 
products showed barely perceptible discolora- 
tion (Fig. 1A). Histologically, the Shwartz- 
man lesions showed the classical features pre- 
viously described in skin(2,7,8,9) including 
extensive leucocyte infiltration (Fig. 1B), leu- 
cocytic thrombi (Fig. 1C), and hemorrhage 
(Fig. 1E,F). Control sites given streptococ- 
cal products and provoked with intravenous 
Veillonella endotoxin contained an occasional 
focus of necrosis with minimal leucocytic re- 
sponse and hemorrhage (Fig. 1D). In sites 
prepared with endotoxin but not provoked, 
the leucocytic response was considerably less 
severe than in the Shwartzman lesions and 
hemorrhage was absent. These unprovoked 
endotoxin lesions, however, contained much 
heavier leucocytic infiltration than either the 
provoked or the unprovoked lesions obtained 


with comparable amounts of streptococcal 
products. This difference in polymorphonu- 
clear response was equally evident in both 
oral mucosa and skin. Comparison of re- 
sponse of oral mucosa and of skin to similar 
local injections or to similar combinations of 
local and intravenous injections revealed that 
gross and histologic manifestations following 
a specific type of insult were basically similar 
in both tissues. 


Discussion. It has yet to be established 
that the laboratory demonstration of a local 
Shwartzman reaction in oral tissues by injec- 
tion of endotoxin from organisms of the gingi- 
val crevice has a direct counterpart in human 
disease. However, the finding that a rela- 
tively temporary alteration in the blood can 
provoke a violent reaction in local sites within 
the oral cavity reflects the close relationship 
existing between oral tissue reactivity and 
systemic changes, and at least suggests that a 
similar mechanism may operate in oral dis- 
ease. Periodontal conditions which should be 
considered in the light of the Shwartzman 
phenomenon include acute Vincent’s necrotiz- 
ing gingivitis and the acute exacerbations of 
chronic gingivitis frequently associated with 
an episode of generalized illness. In both of 
these acute conditions there is evidence of in- 
terplay between local tissue reactivity and 


somewhat temporary systemic alterations. 


It is significant that the reaction of oral 
mucosa to injection of different substances re- 
sembles rather closely the skin reactions to 
these same substances. This finding gives sup- 
port to use of skin as a convenient tissue for 
testing substances thought to be toxic to mu- 
cous membranes, and thus validates investiga- 
tions of experimental infections in skin with 
oral bacteria(10,11). 

Summary. The local Shwartzman reaction 
was elicited in the rabbit oral cavity and skin 
with endotoxin prepared by phenol-water ex- 
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tribution of red blood cells; white cells unstained. Aleian Blue-eosin BOL ‘ 
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traction procedure from a strain of oral Veil- 
lonella. Lipid-carbohydrate-protein products 
prepared by same procedure from viridans 
streptococci, or a solution of physiologic sa- 
line did not produce this reaction in either tis- 
sue. Lesions obtained in oral mucosa with 
each substance were grossly and histologically 
similar to lesions obtained with the same ma- 
terial in skin. 
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Effect of Adrenalectomy and Cortisone on Eruption Rate of Incisors 


in Young Female Albino Rats.* 
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Dept. of Anatomy, Stritch School of Medicine, Loyola University, Chicago, III. 


Schour and Van Dyke(1) reported that 
rate of eruption of the continuously erupting 
rat incisor became progressively slower and 
finally ceased in hypophysectomized rats. Ad- 
ministration of growth hormone produced 
only a slight increase in rate of eruption of 
such animals but had no effect in intact rats. 
Baume et al.(2) observed that thyroidectomy 
in young rats produced a reduction in rate of 
eruption although not so severe as that pro- 
duced by hypophysectomy. These authors 
(3) also reported that simultaneous adminis- 
tration of thyroxin and growth hormone in 
hypophysectomized rats brought about a 
restoration of the tissues of the incisor and an 
increase in rate of eruption. Schour and Ro- 
goff(4) observed a disturbance in calcification 
of dentin in the rat incisor following adrenal- 
ectomy; however, due to the short survival 
period, rate of eruption was not measured. 
Leroy and Domm(5) reported that cortisone 
produced precocious eruption of incisors in 
young rats when administered to pregnant 
mothers, to the fetus im utero, or in newborn 
shortly after birth. Domm and Marzano(6) 


* This investigation supported in 
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found that cortisone also accelerated rate of 
eruption of incisors when administered in sex- 
ually mature rats. Since adrenal function is 
depressed following hypophysectomy and since 
the rate of eruption of the rat incisor has been 
shown to be stimulated by adrenal cortical 
hormones we were interested in determining 
the effects of adrenalectomy and of cortisone 
and salt therapy on this rate in young female 
adrenalectomized rats. 

Procedures. Twenty-four female rats, of 
the Sprague-Dawley strain, bilaterally adrena- 
lectomized at 39 days of age, and 12 unoper- 
ated controls of the same age were studied. 
Twelve operated and 6 normals received daily 
subcutaneous injections of 1.5.mg of corti- 
sone, 6 days per week for 6 weeks. The re- 
maining animals served as operated and in- 
tact controls. All controls received injections 
of physiological saline while adrenalectomized 
controls in addition received 1% NaCl in 
drinking water. At the end of the sixth week 
all treatment, daily injections and NaCl in 
drinking water was discontinued and observa- 
tions continued for a second 6-week period. 


+ Cortisone (Cortone Acetate) generously supplied 
by Merck, Sharp & Dohme, Division of Merck & Co., 
Philadelphia, Pa. 
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FIG. 1. Effect of adrenalectomy and cortisone on 
rate of eruption of maxillary incisors in young rats. 
All animals were maintained on a diet of 
Purina Dog Chow pellets and water or water 
with NaCl ad libitum. Weekly eruption rates 
of upper incisors were determined by a modi- 
fication of the method(2) previously de- 
scribed by Schour and Van Dyke(1). Erup- 
tion rates of adrenalectomized rats surviving 
throughout the 6-week period following ces- 
sation of maintenance treatment (3 cases) 
were eliminated from data and calculations. 
The t-test was employed to evaluate differ- 
ences between the means of normal controls 
and each of the experimental groups, for each 
week, and for each of the 2 six-week periods. 
Differences were considered significant at the 
5% level of probability. 

Results. The results are shown graphically 
in Fig. 1. Eruption rates of adrenalectomized, 
saline-maintained, rats showed a significant 
decrease (~26%) by the end of the first week 
and a maximum decrease during the second 
(-30%) and third (-32%) weeks when com- 
pared with controls. During the fourth to 
sixth weeks there was a slight increase though 
the rates were still significantly below normal. 
Average weekly eruption rate for the first 6 
weeks was 1.84 + 0.34 mm (56 observations; 
P = .001), which was 28% below the aver- 
age of controls, 2.56 + 0.24 mm (36 observa- 
tions) and highly significant. Following ces- 
sation of treatment eruption rates declined to 
the level observed during the first 3 weeks 
after operation. Average survival time fol- 


§ Standard deviation. 


583 


lowing cessation of saline maintenance in 
adrenalectomized animals was 6.4 + 3.2 days, 
with only one animal surviving the remainder 
of the second period in apparent good health. 
Body weights of adrenalectomized rats 
showed weekly increases equal to those of nor- 
mal controls up to the third week but there- 
after weekly increases were less pronounced 
so that by the end of the sixth week of treat- 
ment body weights were 11% below those of 
normal intact rats. Following cessation of 
treatment this difference increased to 20% as 
the animals succumbed of adrenal _insuffi- 
ciency. 

Cortisone produced an increase in rate of 
eruption of adrenalectomized rats which was 
Statistically significant by the second week 
and continued so for the remainder of the 
6-week period. Average rate of eruption for 
the period of cortisone treatment was 3.08 -++ 
0.38 mm (60 observations; P = .001) which 
was 21% greater than that of untreated con- 
trols and highly significant. Cessation of 
treatment was followed by a sharp decline in 
rate of eruption. Average survival time fol- 
lowing cortisone withdrawal was 22.1 + 5.3 
days with 2 rats surviving the remainder of 
the second 6-week period. Cortisone adminis- 
tration produced a severe reduction in body 
weight so that by the end of the first 6-week 
period adrenalectomized rats were 40% below 
the average for untreated intact controls and 
29% below the average of untreated adrena- 
lectomized controls. 

Cortisone produced a slight increase in rate 
of eruption of intact rats which proved to be 
statistically significant only during the second 
week (+20%). Average eruption rate for 
the period of treatment was 2.82 + 0.30 mm 
(36 observations; P = <.2) which was 10% 
greater than that of untreated controls but 
not significant. Following cessation of treat- 
ment eruption rates declined below those of 
normal controls and continued at a slightly 
reduced rate for the remainder of the second 
6-week period. This reduction was found to 
be statistically significant during the 8th, 9th 
and 12th weeks. However, average rate for 
the second 6-week period did not differ sig- 
nificantly from the average for controls; 2.21 


584 


+ 0.32 mm (36 observations; P = >.1) 
compared with 2.46 + 0.27 mm (36 observa- 
tions) for controls. Cortisone administra- 
tion resulted in a_ reduction of body 
weight to 14% below that of untreated con- 
trols by the end of 6 weeks which was quickly 
regained following cessation of treatment. 
There was no significant difference at au- 
topsy, 6 weeks following cessation of treat- 
ment, between weights of the adrenals of 
treated and control rats. 


Discussion. It has been reported(1,3) that 
hypophysectomy in the rat produces a severe 
retardation in rate of eruption of the incisors 
and that growth hormone is ineffective in re- 
storing the normal rate. The reduction in 
rate of eruption observed following thyroidec- 
tomy in the rat is not so severe as that re- 
ported for hypophysectomy(3). This would 
indicate that factors other than absence of 
thyroid hormone may be involved. The de- 
pression observed in eruption rate following 
adrenalectomy and the stimulation in rate 
noted following cortisone administration in- 
dicates that the adrenal must be considered 
in any theory involving a hormonal control 
of incisor eruption rate. Whether the corti- 
sone-induced acceleration in eruption is due 
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to a direct stimulation of the incisor, as has 
been reported for thyroxin(3), or whether it 
is due to some other factor or factors remains 
to be determined. 

Summary. Adrenalectomy in young fe- 
male rats resulted in a significant reduction in 
rate of eruption of incisors which averaged 
28% below that of unoperated controls during 
6 weeks of measurement. Daily administra- 
tion of cortisone produced a significant accel- 
eration in rates of adrenalectomized rats to 
levels above that of nontreated intact controls. 
It is suggested that the severe reduction in 
rate of eruption of the continuously erupting 
incisor observed by others following hypo- 
physectomy is due to loss of effect of both thy- 
roid and adrenal hormones. 
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Specificity of Allergic Reactions. II. Azoproteins in the Anamnestic 


Response. 
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Delayed and Arthus hypersensitivities dif- 
fer in their immunologic  specificity(1,2). 
Guinea pigs sensitized with 5-15 wg of a con- 
jugate of picryl-hen egg albumin in Freund’s 
adjuvant (without mycobacteria) develop de- 
layed hypersensitivity and ultimately circu- 
lating antibody to the whole conjugate or the 
protein moiety, but only circulating antibody 
to the hapten. Delayed hypersensitivity can 
differentiate widely different antigens, such 
as hen egg albumin from bovine gamma globu- 
lin, but cannot readily distinguish a conju- 


gated protein from the same unconjugated 
protein. Antibodies can differentiate between 
minor chemical differences in antigens(3). 
For example, an antigen composed of a pro- 
tein diazotized to one acid radical, when in- 
jected into animals, formed antibodies which 
did not cross-react with the same protein dia- 
zotized to a different acid radical. An im- 
mune serum to para-aminobenzoic acid-horse 
serum formed precipitates with the homolo- 
gous antigen, but not with horse serum conju- 
gated to the heterologous haptens such as 


SPECIFICITY OF ALLERGIC Reactions. II. 585 


para-sulfanilic acid, para-arsanilic acid, or 
aniline radicals(4). Antibody even differen- 
tiated between ortho, meta, or para position 
of a carboxyl radical on a benzene ring. In 
previous experiments(2,5), an anamnestic ef- 
fect was produced in guinea pigs after a pri- 
mary injection of a homologous protein in 
quantities sufficient to produce delayed hy- 
persensitivity but not circulating antibody 
and after a subsequent injection of hapten- 
homologous protein conjugate. In animals 
given a primary injection of a homologous 
hapten-heterologous protein, an anamnestic 
response was not detected on subsequent in- 
troduction of conjugate. The haptens studied 
were picryl chloride and 1, fluoro, 2-4 dinitro- 
benzene; the proteins, purified hen egg albu- 
min and bovine gamma globulin. Results ob- 
tained with various combinations of proteins 
and haptens indicated that the basic protein 
might be modified (denatured) to varying 
extents depending upon the hapten. There- 
fore, to obtain information on relative speci- 
ficities of delayed and Arthus reactions with 
more uniformly conjugated proteins, further 
experiments were conducted with antigens 
composed of specific diazotized radicals cou- 
pled to purified crystalline proteins. The pres- 
ent paper is concerned primarily with anam- 
nestic responses wherein induction of delayed 
hypersensitivity to a homologous protein or 
azoprotein prior to a secondary injection of 
azoprotein plus a hapten caused enhancement 
of antibody formation to hapten. 


Materials and methods. Animals. Guinea 
pigs of the Hartley strain weighing 400 to 450 
g were used for studies on hypersensitivity. 
White or albino guinea pigs not necessarily of 
the Hartley strain weighing 300 to 400 g were 
employed in the passive cutaneous anaphyl- 
axis (PCA) tests for determination of anti- 
body in test sera. Once guinea pigs had been 
skin tested, they were not used again. Anti- 
gens. Proteins were prepared as described 
previously(2). Diazotization and coupling 
of proteins were carried out with modifications 
of basic methods previously described (4,6). 
As an example, the method used for coupling 
of para-aminobenzoic acid (PABA) with hen 
egg albumin (HEA) is given. Other simple 
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chemicals used for coupling were employed in 
quantities equivalent to that of the PABA. 
1.37 g (0.01 Mole) of PABA were dissolved 
in 150 ml of distilled water and 26 ml (0.026 
Mole) of N HCl. Diazotization was carried 
out with 0.011 M sodium nitrite at a tem- 
perature of O°C. Diazotized protein was 
then precipitated by acidification to litmus 
paper with 10% trichloroacetic acid. The 
precipitate was centrifuged, resuspended in 
19 ml saline, and dissolved with 0.1N NaOH. 
Seven additional reprecipitations were carried 
out. Finally, the precipitate was dissolved in 
20 ml saline adjusted to pH 7.0 with 0.1N 
NaOH. Other preparations were treated in a 
similar manner. Thus, aniline (An), p-amino- 
sulfonic acid (PASA), p-aminoarsonic acid 
(PAAA) or m-aminobenzoic acid (MABA) 
were diazotized and coupled to HEA, bovine 
gamma globulin (BGG), human gamma glob- 
ulin (HuGG), or bovine plasma albumin 
(BPA). Sensitization. Antigens were dis- 
solved either in physiologic saline plus 1% 
guinea pig serum or in Freund’s adjuvant 
(Difco) without mycobacteria, and a total 
volume of 0.5 ml injected intracutaneously 
into the digits of the feet. Skin tests. Guinea 
pigs were tested on the flanks by intracu- 
tanecus injection of 0.1 ml of a solution con- 
taining 50 pg protein/ml saline. Reactions 
were observed and diameters of areas of in- 
duration measured at intervals up to 4 hours 
after sensitization and between 18 and 24 
hours. Antibody determination. Guinea pigs 
were bled prior to being skin tested, and the 
resulting sera assayed for antibody by the 
passive cutaneous anaphylaxis (PCA) reac- 
tion(7). By this technic, as little as 0.002- 
0.003 pg AbN can be detected. In these 
tests, 0.1 ml antiserum was injected intrader- 
mally in the back or sides. About 3 hours 
later, 350 wg protein in 0.5 ml physiologic 
saline and 0.5 ml 1% Evans blue in physi- 
ologic saline were administered intravenously. 
Fifteen to 30 minutes later, areas of blueing 
pigmentation were measured and recorded. 
Results. Hypersensitivity to proteins cou- 
pled to diazotized acid radicals. Guinea pigs 
were sensitized in the footpads with 15 yg of 
hen egg albumin (HEA), hen egg albumin 
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coupled to diazotized p-aminobenzoic acid 
(PABA +» HEA), to p-aminoarsonic acid 
(PAAA: HEA), or to p-aminosulfonic acid 
(PASA:HEA), bovine gamma _ globulin 
(BGG), or bovine gamma globulin cou- 
pled to diazotized p-aminobenzoic acid 
(PABA: BGG) in Freund’s adjuvant without 
mycobacteria. In animals sensitized with 15 
yg HEA in Freund’s adjuvant, delayed hy- 
persensitivity could be detected not only to 
HEA itself but also to any of the HEA con- 
jugates, such as HEA coupled to diazotized 
(a) aniline (An* HEA), (b) p-aminosulfonic 
acid (PASA+ HEA), (c) p-aminoarsonic acid 

a (PAAA* HEA) or (d) p-aminobenzoic acid 
+4  (PABA:HEA). Delayed hypersensitivity 
++ could not be discerned in any of the guinea 
pigs skin-tested with the foregoing diazotized 
radicals coupled to heterologous proteins such 
as BGG, human gamma globulin (HuGG), or 
bovine plasma albumin (BPA). However, 
from the 9th to 20th day, when Arthus type 
hypersensitivity and circulating antibody 
could be detected, reactions occurred only 
with the homologous HEA, and not with any 
of its conjugates. Antibody to a closely re- 
lated conjugate such as An’ HEA could not 
be detected. 


Sensitization of guinea pigs with PABA: 
HEA resulted in delayed hypersensitivity 
from the 5th to at least the 10th day (Table 
I). This hypersensitivity was directed only 
against HEA and conjugates containing HEA. 
On the 10th day, following appearance of cir- 
culating antibody and Arthus reactions, speci- 
ficity was no longer directed against the pro- 
tein but against the hapten PABA conjugated 
to any of the proteins (HEA, BGG, BPA). 
Two of the 30 sera from these animals did 
cross-react with PAAA*HEA in the PCA 
test. Since, however, they did not react with 
PAAA*: BGG, their specificity was presuma- 
bly directed toward the HEA portion of the 
conjugate. 

Similar results were obtained in 38 guinea 
pigs sensitized with PASA: HEA, 23 sensi- 
2 tized with PAAA:HEA, and 33 sensitized 
with PABA* BGG. In all cases, the animals 
first showed delayed hypersensitivity to any 
conjugate containing the homologous protein 
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TABLE I. Cross-Reactions in Guinea Pigs Sensitized with 15.0 wg PABA + HEA in Adjuvant.* 
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ses 10L. Anamnestic Response to PABA+ HEA in Guinea Pigs Administered a Primary 
ose of 1 ug PABA-HEA in Saline and a Secondary of 5 yg PABA+HEA in Adjuvant. 
(10 days between inj.) 


Detectable antibody by PCA test 


Antigen 
No. of Day PABA- PABA- PABA- MABA- MABA- PAAA- PAAA- 
guinea pigs tested HEA BGG BPA HEA BGG HEA BGG 
4 4 N N N N N N N 
4 5 yy N N N N N 
4 6 P 4 P %, %, N N 
£ 7 A, A MA ¥ VA, N N 
4 8 P P 2%, 4 24 N N 
4 9 P 34 34 ; ‘ N N 
4 10 1 122 iP iP oA N N 
4 11 12 P 1p P “ a N 
4 12 P P P P Z N N 
3 14 IE IP Jp le iP. % N 
3 16 P P P P % N N 
3 18 1? 12 1 12 Pp 4 N 


See Table I for legend. 


and then Arthus hypersensitivity to any con- 
jugate containing the homologous hapten. Sen- 
sitization with these conjugates further indi- 
cated (a) that PASA > HEA was a weaker an- 
tigen than the others in that Arthus reactions 
did not appear until the 12th to 13th day 
after sensitization and areas of induration and 
erythema were smaller; and (b) that PAAA-: 
HEA induced delayed hypersensitivity to 
HEA and to its conjugates PABA+ HEA and 
PASA* HEA up to the last skin tests on the 
16th day, although Arthus reactions appeared 
on the 10th day to PAAA coupled with HEA, 
BGG, or HuGG. 

Azoproteins in an anamnestic response. A 
primary injection of 1.0 »g PABA: HEA in 
serum-saline was administered in the footpads 
of guinea pigs. This dosage was used since 
typical delayed hypersensitivity develops, but 
circulating antibody can not be detected by 
PCA tests. Ten days later, the animals were 
injected with 5.0 »g PABA: HEA in Freund’s 
adjuvant (Table II). On the 5th to 6th day 
after secondary sensitization, antibody to the 
homologous PABA: HEA was detected. In 
contrast, animals given a single injection of 
5.0 to 15.0 pg PABA:HEA in adjuvant 
usually develop antibodies on the 10th or 11th 
day (Table II). The antibody formed to 
PABA:HEA in animals given a secondary 
stimulation also reacted with PABA: BGG 
and PABA: BPA, but not with An: HEA, 
PASA: HEA or HEA. Six sera reacted with 


PAAA: HEA, but not with heterologous pro- 
tein conjugate PAAA* BGG. The cross-re- 
action was apparently associated with the 
protein portion of the conjugate or with the 
conjugate as a unit. 

Guinea pigs sensitized with a primary dose 
of An‘ HEA, HEA, or PAAA: HEA, suffi- 
cient to develop delayed reactions but not de- 
tectable antibody, produced an anamnestic 
response to a subsequent injection of PABA: 
HEA (Table III). Delayed hypersensitivity 
to HEA after primary injection must have 
served as a basis for the anamnestic response, 
since the protein was the only common anti- 
genic factor in 2 injections. The capacity of 
homologous protein to induce an anamnestic 
effect was particularly significant in that en- 
hancement occurred in rate of antibody pro- 
duction against a hapten (PABA) which was 
not contained in the primary injection. 

When secondary stimulation with PABA: 
HEA was preceded by injection of a homolo- 
gous hapten-heterologous protein (PABA: 
BGG), an anamnestic response did not fol- 
low (Table III). Antibody to PABA: HEA 
appeared at the same interval after the sec- 
ondary injection as did antibody in control 
animals that received only a single injection 
of antigen. Reintroduction of hapten on a 
heterologous protein therefore did not accel- 
erate antibody response to the hapten. 

Discussion. In previous work(1,2), hap- 
tens such as picryl chloride were connected 
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TABLE III. Anamnestic Response to PABA+ HEA and Variants. (10 days between inj.) 
Detectable antibody 
: . Antigen 
Antigen No. of 
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Primary Secondary pigs tested HEA BGG HEA BGG HEA HEA 
lyg An-HEA 5ygPABA- 3 6 N N N N N ay 
in saline HEA in 3 if % WY N int a v 
adjuvant 3 8 12 12 N N N N 
3 9 Pp P N N N N 
3 wy le IP %, N N N 
3 20 1 12? N N N N 
1 wg HEA in Idem 3 6 N N N N N N 
pane 3 7 % N N N N N 
3 8 iP VY N N N N 
3 9 P 1p N N N N 
3 10 PB 12 Ni N N N 
3 20 P P 2%, N N N 
3 22 12 P N N N N 
lug PAAA- a2 3 if N N N N N 
TEA in 3 8 ie 12 N N N 
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3 11 Ec P Y, V N 
3 12 1p le ap o N 
3 17 E P 22, PA N 
3 25 iP 12 Vy, N N 
3 27 1m 12 %, A N 
lug PABA: 4 if 0 0 
BGG in 4 8 0 0 
saline 4 9 VA 0 
4 10 2 \, 
4 13 ” ” 
4 12 1e 12 
4 14 12 1 


See Table I for legend. 


directly to proteins. Each hapten is probably 
different in its chemical reactivity and there- 
fore, in the process of conjugation, could have 
altered the basic nature of the protein in a 
different way. To minimize the differences 
produced in the protein molecule by conjuga- 
tion, haptens were first diazotized and the 
protein conjugated under similar chemical en- 
vironments. Comparisons in immunologic ac- 
tivity of haptens could then be made with the 
knowledge that what differences existed were 
probably due to the hapten and not to modifi- 
cations in the basic protein molecule. 

The observation to be emphasized concerns 
accelerated production of antibody to the hap- 
ten of a conjugated protein when immuniza- 
tion is preceded by injection of the protein 
alone. This phenomenon can best be ex- 
plained by the assumption that an early step 
in antibody production is a state of delayed 
hypersensitivity to the protein as a whole, and 
that this step is superseded by production of 


circulating antibody if encugh antigen is pres- 
ent or if a booster dose is administered. The 
specificity of the circulating antibody is, how- 
ever, directed toward small chemical config- 
urations which may be present only in the 
booster antigen. 

Earlier observations suggested the possi- 
bility that delayed hypersensitivity might rep- 
resent an early stage in production of circu- 
lating antibody(8). Administration of egg 
white or horse serum to tuberculous guinea 
pigs produced a state of hypersensitivity 
characterized by delayed and prolonged skin 
reactions, absence of demonstrable antibodies 
in the blood stream, failure of passive transfer 
with serum, and insusceptibility to anaphylac- 
tic shock after intravenous injection of the 
specific antigen. Others(9-12) subsequently 
noted that repeated skin-testing of man or 
animals caused the subjects to develop a 24- 
hour inflammatory reaction of the delayed 
type, which, when the series of intradermal 
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injections were continued, was replaced by a 
hypersensitivity of the early type. Histologi- 
cal evidence has also indicated(13,14) that 
early in the course of immunization a delayed 
reaction develops characterized by mononu- 
clear cells and absence of serum antibody, but 
that maturation of mononuclear cells to 
plasma cells occurs simultaneously with de- 
tection of circulating antibody. 


Delayed allergy was further implicated as 
a possible phase in the immune process when 
a single intradermal injection of a minute 
quantity of highly purified soluble protein 
(e.g., 1 Lf diphtheria toxoid) in Freund’s ad- 
juvant was found to induce typical delayed 
reactions. Antitoxin could not be detected 
by the rabbit intracutaneous test, which can 
detect 0.0024 wg AbN, and hypersensitivity 
could be transferred passively by washed 
lymph node cells(15). Duration of delayed 
hypersensitivity varied with amount and type 
of antigen, but was eventually masked by 
the appearance of circulating antibody and 
the concomitant Arthus reaction. However, 
if the amount of antigen injected is lowered 
sufficiently, delayed hypersensitivity may be 
produced which is not masked by circulating 
antibody(5). Evidence that the delayed re- 
action may be the basis for the anamnestic 
response has also been presented((15,16,5). 

Studies of immune reactions in guinea pigs 
sensitized with conjugated proteins revealed 
the specificity of delayed allergy to be asso- 
ciated with the protein portion of the mole- 
cule, while specificity of the circulating anti- 
body was directed primarily toward the hap- 
ten(1,2). If delayed hypersensitivity is an 
early stage in antibody production, then de- 
layed hypersensitivity should precede detec- 
tion of antibody in the circulation. The fail- 
ure to observe delayed hypersensitivity to 
haptens prior to formation of antibody ap- 
pears at first to indicate that delayed and 
Arthus type hypersensitivities are indepen- 
dent reactions, since antibody is formed to a 
chemical group (the hapten) without previous 
induction of a delayed hypersensitive state. 
If delayed hypersensitivity to the protein and 
antibody production to the hapten are com- 
pletely unrelated, the 2 phenomena should 
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have no effect on one another. The foregoing 
data, however, indicate that there is an inti- 
mate relation between delayed hypersensi- 
tivity to the protein portion and Arthus hy- 
persensitivity to the haptenic portion of a 
conjugated protein. When an animal is in a 
state of delayed hypersensitivity to a protein, 
the immunological mechanism is primed to 
produce antibody to antigenically specific 
groups on that protein or to haptens attached 
to it. The primed mechanism responds to the 
second stimulus of the protein, but the re- 
sulting antibody is apparently specific for 
certain particular loci on the protein surface. 
When, therefore, HEA, An: HEA, or PAAA: 
HEA is used as the primary sensitizing anti- 
gen, the primed cell responds anamnestically 
to reintroduction of the homologous protein. 
If a heterologous hapten such as PABA is 
attached to HEA, response to the hapten is 
simultaneously accelerated. 


In experiments involving anamnestic re- 
sponse, in which a protein was used as a pri- 
mary dose and a homologous protein conju- 
gate as the secondary dose to cause a typical 
anamnestic response to the hapten, occasional 
sera reacted with a heterologous hapten-ho- 
mologous protein conjugate (Tables II and 
IIT). When a conjugate with the same hetero- 
logous hapten but a heterologous protein was 
assayed with these sera, no reaction occurred. 
Also, the homologous protein by itself failed 
to react with the antiserum. Hence, the anti- 
body is probably being oriented toward a 
modified protein, such as may exist in the 
conjugate, or more likely toward the whole 
conjugate. 

Summary. Injection of 15 ug of a hapten- 
azoprotein, such as p-aminobenzoic acid dia- 
zotized to hen egg albumin, in Freund’s adju- 
vant, into footpads of guinea pigs produces 
delayed hypersensitivity in 5 days and circu- 
lating antibody in 10-11 days after sensitiza- 
tion. Injection of 1 pg of such conjugate in 
saline produces delayed hypersensitivity but 
no detectable circulating antibody. Specifi- 
city of delayed hypersensitivity is oriented 
toward the protein; that of circulating anti- 
body, toward the hapten. When a primary 
dose of 1 pg in saline of protein, azoprotein or 
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heterologous hapten-homologous protein is fol- 
lowed by a secondary dose of hapten-homolo- 
gous protein, antibody response to the hapten 
is accelerated. A primary sensitizing dose of 
hapten, such as p-aminobenzoic acid (PABA) 
-t protein such as hen egg albumin (HEA), 
followed by a secondary dose of the same hap- 
ten attached to heterologous protein, does not 
result in accelerated response to the hapten. 
These phenomena are explained if delayed 
hypersensitivity is considered an early step in 
antibody synthesis. 


Technical assistance of Jane Nishio, Aspascia Co- 
bure, and Leroy F. Peel is gratefully acknowledged. 
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Antigenicity of Connective Tissue Extracts II. Stimulation of Auto- and 


Iso-antibodies by Heterologous Antigen.* 


(25917) 


PAUL HELLER AND VINCENT J. YAKULIS (Introduced by H. J. Zimmerman) 
Research Lab. and Medical Service, Vet. Admin. West Side Hospital, and Dept. of Medicine, 
University of Illinois College of Medicine, Chicago 


Previous studies in our laboratory(1) have 
shown that saline extracts from rabbit tendons 
combined with Freund’s adjuvant are anti- 
genic to guinea pigs. Circulating complement 
fixing (C.F.) and precipitating antibodies to 
these connective tissue extracts could be dem- 
onstrated(1). Growth of the majority of the 
guinea pigs injected subcutaneously with ex- 
tracts of rabbit tendon was markedly dimin- 
ished as compared to growth of control ani- 
mals injected only with saline and adjuvant. 
This effect was not observed following injec- 
tion of other tissue extracts (liver, leukocytes, 
kidney) and serum. It was considered pos- 
sible that the stunted growth was related to 


* The authors are grateful to Lemuel Hall for 
technical assistance and to Medical Illustraticn Serv- 
ice for preparing the photographs. 


development of antibodies against components 
of connective tissue. The present report deals 
with demonstration of fixed antibodies in 
various tissues of the sensitized animals. 


Methods and materials. Preparation of ex- 
tracts from rabbit tendon has been previously 
described(1). Since the previous study 
showed connective tissue extracts (C.T.) from 
old rabbits to be more antigenic than those 
from young animals, only tissue extracts from 
rabbits older than one year were used. Ex- 
tracts from leg and foot tendons of guinea 
pigs were prepared in the same fashion and 
used as test antigen only. Guinea pigs of the 
Hartley Strain weighing approximately 300 g 
received weekly injections of C.T. suspended 
in Freund’s adjuvant. The injection aliquots 
contained 150 pg of connective tissue protein 
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TABLE I. Weight Gain of Guinea Pigs during First 35 Days* of Experiment. 


Wt gain (g) 


No. of Initial wt 

animals range (2) Range Mean & S.D. 
A. Inj. with C.T. in adjuvant 30 238-330 96-273 195 + 47 
Bae ” adjuvant and saline 5 264-332 243-302 273 + 22 
CG. Uninjected i 266-320 180-310 245 + 44 
D. Band C combined 12 264-332 180-310 257 + 37 


Statistical comparison of wt gains of Groups B and C: 


Ula to SO) 


Aand D: t, 4.04; p <0.001. 


* This is an arbitrarily chosen interval. The difference remained significant after longer in- 
tervals, but sample size diminished because of periodic killing of animals. 


as determined witb the technic of Lowry et al. 
(2).t After 4 such injections, monthly 
booster injections of half the dose were given. 
Guinea pigs were divided into 3 groups (Ta- 
ble I). Animals of group A were injected 
with C.T. in adjuvant. One group of control 
animals received injections of adjuvant and 
saline (group B), the other received no injec- 
tions (group C). The guinea pigs were 
weighed each week. Twenty-three guinea pigs 
of group A and 8 control animals were bled 
by cardiac puncture on the 96th day of the 
sensitization regimen and their sera tested for 
C.F. antibodies to extracts of rabbit and 
guinea pig connective tissue (Table II). 
These animals were not sacrificed to permit 
long term observation. Nine guinea pigs of 
Group A and 7 guinea pigs of the control 
group were killed by exsanguination through 
the jugular vein in intervals from 13 to 68 
days following start of injection regimen 
(Table II). Blood was collected and serum 
obtained in the usual manner for serologic, 
electrophoretic and hematologic studies. The 
animals were immediately dissected and tissue 
samples from the various organs were frozen 
in liquid nitrogen and sectioned in a cryostat. 
The sections, which were cut at a thickness 
of 5 », were placed on slides to which they 
adhered following thawing without addition 
of adhesive material. They were washed with 
buffered saline (pH 7.3-7.4) for three 10 min- 


t Other determined constituents of C.T. included 
hydroxyproline, uronic acid, hexose, hexosamine and 
sialic acid. We are grateful to Dr. L. Robert, Dept. 
of Biochemistry, Univ. of Illinois College of Medicine 
and Dr. R. D. Coleman, Senior Research Biochemist, 
VA West Side Hospital, for performing these studies 
which will be reported later in detail. 


ute periods, dried at room temperature, then 
overlaid with commercial fluorescein conju- 
gated rabbit anti-guinea pig globulin(3). The 
latter had been previously mechanically agi- 
tated with powdered activated charcoal(4) at 
a concentration of 50 mg per ml of serum for 
one hour at room temperature and the char- 
coal removed at high speed centrifugation 
(18,000 rpm for 10 min.). Slides were kept 
overnight in a sealed moist chamber at 5°C, 
then washed with buffered saline (3x10 min.) 
and air dried. A drop of buffered glycerol 
(pH 7.4) was then added and cover slips ap- 
plied. Microscopic examination was _per- 
formed with fluorescent light illumination. A 
Zeiss fluorescent microscope was used with 
OSRAM HBO 200 light source, UG2 and 


TABLE II. Guinea Pigs Sensitized with Rabbit 
Connective Tissue in Adjuvant.* 


Reciproeal of titer 
of complement 


fixing antibodies Fluo- 
Day after to rescent 
No.of startofsen- Rabbit Guinea anti- 
animals  sitization (OpAve pig C.T. bodies 
2 13 neg. neg. neg. 
4 ‘s pos. 
2 26 8 8 a 
8 neg. Ay 
i 34 8 re e 
1 40 neg. “4 = 
1 47 4 ” ” 
1 60 32 + % 
1 68 128 8 “4 
Qe 96 32 (2) neg.(10) n.d} 
64(10) 4 (9) 
128 (7) 8 (3) 
256 (4) 32 (1) 


* 16 animals served as control. Neither comple- 
ment fixing antibodies nor fluorescence could be 
demonstrated in these animals. 

t Not done, 
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UGS exciter filters, and BG23 and GG4 bar- demonstrate fixation of anticonnective tissue 
rier filters. attempt was also made to antibodies to organ sections from normal 


Ky 
<~ Y 


U), 


ue sections from sensitized (a) and control (b) guinea pigs incubated with flu- 
orescent antiserum, (1) Kidney, (2) Lung, (3) Heart, (4) Liver. 
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guinea pigs and rabbits. For this purpose 
these sections were overlaid with antiserum to 
rabbit C.T. and others with normal guinea pig 
serum. The slides were then placed in a 
moist sealed container which was mechani- 
cally rotated for one hour at room tempera- 
ture. They were washed in buffered saline 
for 3 changes of 10 minutes each, air dried 
and overlaid with conjugated antiguinea pig 
globulin rabbit serum as described above. 
The test for C.F. antibodies was performed 
according to the standard technic of Kolmer. 


Results. The weight gain of the group of 
animals injected with C.T. was markedly di- 
minished as compared to control animals 
(Table I). In the examined tissue sections 
from 8 of the 9 guinea pigs injected with C.T., 
fluorescence was observed following incuba- 
tion with the fluorescein conjugated anti- 
guinea pig globulin (Fig. la-4a). The sec- 
tions which did not show fluorescence came 
from an animal sacrificed 13 days following 
first injection. Fluorescence appeared to be 
localized in interstitial spaces, basal mem- 
branes and vascular walls of all examined or- 
gans, which included kidney (Fig. 1a), lung 
(Fig. 2a), heart (Fig. 3a), adrenals, spleen 
and liver (Fig. 4a). In kidney, fluorescence 
was most marked in the glomerular basement 
membrane; in lung, in the interalveolar septa 
and peribronchial tissue. In no organ was 
intracellular fluorescence demonstrated. 

Tissue sections from normal guinea pigs 
overlaid with normal guinea pig serum fol- 
lowed by incubation with fluorescein conju- 
gated antiserum did not reveal specific stain- 
ing (Fig. 1b-4b). If, however, serum from 
guinea pigs which had been injected with 
C.T. were used, specific fluorescence was ob- 
served following incubation with the conju- 
gated antiserum. As a control the same pro- 
cedure was performed on tissue sections from 
2 normal rabbits with similar results. 

Complement fixing antibodies were ob- 
served in serum of 30 of 32 sensitized guinea 
pigs with rabbit C.T. as test antigen. Titers 
increased during sensitization and ranged 
from 1:4 to 1:256 (Table II). Sixteen guinea 
pigs also developed C.F. antibodies to guinea 
pig C.T. at titers of 1:4 to 1:32. Anti-con- 


nective tissue antibodies could not be dem- 
onstrated in control animals. In all animals 
injected with rabbit C.T., the electrophoreti- 
cally determinable gammaglobulin fraction 
was higher than in non-injected animals. The 
Coombs test remained negative and the hema- 
tological examination did not reveal abnor- 
malities. 


In view of fixation of guinea pig globulin in 
tissue sections of parenchymatous organs of 
sensitized guinea pig, it was considered likely 
that serum of these animals would also react 
with saline extracts from such guinea pig or- 
gans in the complement fixation test. This 
was tested with tissue extracts from guinea 
pigs (liver, kidney, heart, lung). Titers were 
of same magnitude as titers of isologous anti- 
bodies to tendon extract. 

Discussion. The presence of gammaglobu- 
lin in tissue sections as visualized by its spe- 
cific reaction with a fluorescein labelled anti- 
gammaglobulin is generally interpreted to be 
the result of a specific antigen-antibody reac- 
tion in the tissue with fixation of the anti- 
body to the antigenic tissue component. Our 
findings, therefore, appear to indicate fixation 
of anti-connective tissue antibodies in inter- 
stitial spaces and basement membranes and 
vascular walls of several organs. Since rabbit 
tissue was used for sensitization of guinea 
pigs, the presence of circulating antibodies in 
guinea pigs to the rabbit connective tissue is 
not surprising; however, induction of tissue 
fixed antibodies in guinea pigs appears to be 
consistent with the possibility that autologous 
antibodies had been induced by heterologous 
antigen. This appears to apply also to circu- 
lating C.F. antibodies although the reactions 
were not as strong as with the heterologous 
antigen (Table II). The reaction of guinea 
pig tissue with anti-rabbit tissue antibodies 
could also be demonstrated im vitro following 
incubation of tissue sections from organs of 
normal uninjected guinea pigs with anti-rab- 
bit connective tissue serum. Sera of sensi- 
tized guinea pigs also reacted with isologous 
organ extracts. These phenomena suggest 
the possibility that the occasionally reported 
cross reactions(5,6,7) of antisera to various 
organs with other organs are caused by the 
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antigenicity of ubiquitous connective tissue. 

Goodman(8) has recently reported that 
rabbits injected with human liver nucleopro- 
tein developed antibodies not only to human 
nucleoprotein extracts, but also to such ex- 
tracts obtained from rabbit liver. The results 
of the present study suggest that auto- and 
iso-antibodies to connective tissue may also 
be induced by foreign material. It is uncer- 
tain if the stunted growth of the guinea pigs 
is related to development of these anti-con- 
nective tissue antibodies. 

Identification of the antigenic component 
in connective tissue is under study. 

Summary. Tissue fixed globulin has been 
demonstrated in interstitial tissue and base- 
ment membranes of various guinea pig organs 
following inoculation of guinea pigs with sa- 
line extracts of rabbit tendon. These animals 
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had a significantly diminished growth. It is 
likely that the fixed globulin represents 
‘“‘auto-antibody” induced by heterologous an- 
tigen. 
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Effect of Thyroxine and Propylthiouracil on Magnesium Metabolism in the 


Rabbit. 


Study with Mg?s.* 


(25918) 


Jerry K. AIKAWA 
(With technical assistance of Jacqueline Z. Reardon and Dale R. Harms) 
Dept. of Medicine, University of Colorado School of Medicine, Denver 


The factors regulating the metabolism of 
magnesium are obscure. Previous studies 
have shown that insulin and glucose(1), cor- 
tisone(2), pyridoxine and desoxypyridoxine 
(3), and alloxan (unpublished) may affect 
distribution of Mg’* in rabbits. Very little is 
known about the relationship between mag- 
nesium metabolism and the thyroid gland, al- 
though it has been suggested that either hy- 
perthyroidism or hypothyroidism may alter 
the partition of magnesium in serum(4). The 
present study was designed to investigate the 
effects of experimentally induced hyper- and 
hypo-thyroid states on magnesium metabolism 
in the rabbit. Before and after administra- 
tion of thyroxine or propylthiouracil to 2 
groups of animals, the external balance of 
magnesium was determined and exchangeable 
magnesium content was measured with Mg”, 


* This work suppcrted by contract between U. S. 
Atomic Energy Comm. and Univ. of Colorado. 


Meg’® was also used to determine relative tis- 
sue radioactivity in rabbits which had been 
on larger doses of thyroxine or propylthioura- 
cil: 

Material and methods. Thirty-two normal 
domestic adult male rabbits were kept in in- 
dividual stainless steel metabolism cages and 
were fed a stock diet of compressed pellets. 
Except in exp. 2 and 4, tap water was given 
without restriction. Thyroxine sodium was 
dissolved in physiologic saline solution made 
slightly alkaline with a few drops of 1 N 
NaOH, and was made up to a final concentra- 
tion of 0.3 mg/ml. In preliminary observa- 
tions, 7 rabbits were given 2 intravenous in- 
jections of thyroxine, 0.3 mg per kg of body 
weight, within 48 hours. A striking loss of 
body weight ensued, and 3 of the 7 rabbits 
died within 7 days. In the definitive experi- 
ment, therefore, only one dose of 0.3 mg/kg 
was administered initially. When it appeared 
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that maximal sublethal effects were not de- 
veloping, a second dose of thyroxine was ad- 
ministered. Propyithiouracil, U.S.P., was dis- 
solved in distilled water and made up to a 
concentration of either 0.05% or 0.10%. 
Serum and urine magnesium determinations 
were performed by modification of molybdiva- 
nadate method for phosphate(5). Radieac- 
tivity assay. Samples of plasma and tissues 
were assayed for gamma ray activity with 
scintillation counter. A total of 10,000 counts 
were made on each sample, and all determina- 
tions corrected for physical decay of the iso- 
tope. Exp. 1 and 2. External balance 
studies for magnesium were performed for 15 
days in 8 rabbits in Exp. 1 and for 27 days in 
8 rabbits in Exp. 2. Each morning before 
rabbits were fed, body weight, total food con- 
sumption, and 24-hour urine volume were 
measured. Each gram of feed was known to 
contain 0.1723 meq of magnesium. Measure- 
ment of exchangeable magnesium content 
(Mg.). Mg. determinations were made at 
weekly intervals in both groups. Method of 
preparing magnesium solution for injection 
has been described(6). Five ml of magne- 
sium solution, containing/ml approximately 
2 ucuries of Mg”® in 0.4 meq of untagged mag- 
nesium, was injected intravenously. Urine 
collected 20 hours after injection was pooled; 
between 24th and the 27th hour, 2 spot speci- 
mens were collected by catheterization, and 
their specific activities determined. The ex- 
changeable magnesium content was calculated 
as previously described(7). Exp. 1. Control 
data were obtained during first 2 days. On 
second day, after completion of initial Mg. 
determination, each animal received, by intra- 
venous injection, 0.3 mg of thyroxine sodium/ 
kg body weight. On eleventh day of experi- 
ment, 9 days after first dose of thyroxine so- 
dium, each animal was given a second intra- 
venous injection containing the same dose of 
thyroxine sodium. The third Mg, determina- 
tion was made on fourth day following this 
second dose of thyroxine (15th day of experi- 
ment). Exp. 2. Control data were obtained 
during first 4 days. Beginning on morning of 
fifth day, drinking water was replaced by 
0.05% solution of propylthiouracil in dis- 
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tilled water. Each animal was given 250 ml 
of this solution to drink daily for 27 days. 
Exp. 3 and 4. Tissue uptake studies. Exp. 
3. Sixteen rabbits were divided into 2 groups 
of 8 animals each. Each of 8 rabbits in test 
group was given 3 intravenous injections of 
thyroxine sodium (1.0 mg/kg) within 4 days. 
Mg”* was injected 24 hours after third dose 
of thyroxine, and animals were killed exactly 
4 hours later. Tissues were then analyzed for 
radioactivity, as previously described(6). 8 
animals in control group were not given thy- 
roxine sodium, but were otherwise treated 
identically with those in the test group. Exp. 
4. Six of surviving animals in Exp. 2 were 
given propylthiouracil in drinking water in 
concentration of 0.1% from days 28 through 
32. On 32nd day, each animal received intra- 
venous injection of Mg?®, and was killed 4 
hours later for tissue analyses. The control 
group was the same as in Exp. 3. Statistical 
methods. Exp. 1 and 2. Each animal served 
as its own control. After differences between 
baseline values and values obtained at subse- 
quent Mg, determinations had been calculated 
for each animal, mean differences for the 
whole group were obtained. Significance of 
mean difference was determined by use of “t” 
test, a “P” of less than 0.01 being considered 
significant(8). Exp. 2 and 4. Mean relative 
activity of each type of tissue was determined 
for both test and control groups, and signifi- 
cance of differences between group means was 
then tested(7). 

Results. Effects of Thyroxine. No signifi- 
cant changes were noted in body weight, food 
intake, urinary magnesium excretion, external 
magnesium balance, and Mg, at 7 and 4 days 
after injection of first and second doses of thy- 
roxine sodium respectively. A significant de- 
crease in serum magnesium concentration, 
from 2.11 to 1.65 meq/1, was noted on second 
day after second injection of thyroxine. 

In animals killed after receiving 3 mg of 
thyroxine/kg of body weight within 4 days, 
a significant increase was found in relative 
radioactivity of skin, liver, appendix, and 
heart (Table I). Muscle and bone showed no 
significant change when compared with re- 
spective mean values in control group. 
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TABLE I. Effects of Thyroxine and Propylthio- 
uracil on the Relative Radioactivity of Tissues in 


Rabbits. 
Relative radioactivity* 
Propyl- 
Control Thyroxine thiouracil 
Tissue groupt groups group|| 
Muscle Oss sO gash a= ANS 41 + .63 
Skin Wy te Mb ils SS AG ILS AIS) 
Appendix 3.90+ .23 715+ .45t 5.70+.71 
Lung 425+ .26 3.98+ .18 3s) Se oll 
Liver 5.10 + 42 992+ .82t 3.474 .21T 
Heart HOOs= LE) MOO) se wisi) Weiss aah 
Kidney 1 OO OO 2 OS a Sim 2aaetenr oe 
Bone WGK Sallie  Weeeeye= eh 6.24 + .81t 


epm/g tissue , 
at time 


* Relative radioactivity = 
of death. 


+ Statistically significant difference when com- 
pared with control group. 

{ Mean values in 8 rabbits not treated with thy- 
roxine or propylthiouracil. 

§ Mean values in 8 rabbits receiving thyroxine 
sodium, 3 doses of 1 mg/kg in 4 days. 

|| Mean values in 6 rabbits receiving propylthio- 
uracil (.05% solution for 4 wk, followed by .10% 
solution for 4 days). 

{ Stand. error. 


epm/ml plasma 


Effects of propylthiouracil. One of the 8 
animals given propylthiouracil died during 
second week, and another during third week. 
These 2 animals ate poorly, lost weight, and 
had terminal Mg, values of 3.7 and 11.0 meq. 
In remaining 6 rabbits, body weight was sig- 
nificantly increased on 13th, 20th, and 27th 
days of propylthiouracil administration 
(Table II). Mean daily food intake was de- 
creased during first week, and the urinary 
excretion of magnesium was decreased during 
second week. Mg. was significantly decreased 
at end of third week. Initial mean value for 
protein-bound iodine was 4.1 »g/100 ml; at 
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end of fourth week, it was 2.5 »g/100 ml. 

When the rabbits were killed after 4 days 
on double dose of propylthiouracil, a signifi- 
cant decrease was found in relative radioac- 
tivity of liver and bone. The other tissues 
showed no significant changes. 


Comments. Although administration of 
thyroxine in Exp. 1 produced clinical evi- 
dences of a hypermetabolic state—tachycar- 
dia, hyperpnea, and increased irritability— 
the external balance study revealed no signifi- 
cant changes in magnesium metabolism. Two 
days following second injection of thyroxine, 
serum magnesium concentration was signifi- 
cantly depressed, although exchangeable 
body content of magnesium was not signifi- 
cantly altered. In Exp. 3 tissue uptake of 
Me?® was increased in heart, appendix, skin, 
and liver, but not in muscle and bone. The 
decrease in serum magnesium concentration 
may have been caused by redistribution of ex- 
tracellular magnesium into the intracellular 
compartment of tissues showing increased ra- 
dioactivity. 

Rabbits fed propylthiouracil were less ac- 
tive than controls, and values for protein- 
bound iodine, suggest that they were indeed 
hypothyroid. Tissue uptake of Mg?® by liver 
and bone was suppressed, and Mg, was signifi- 
cantly depressed. 

Previous studies demonstrated increase in 
exchangeable body content of magnesium un- 
der circumstances which produced an increase 
in relative radioactivity of muscle or bone. 
For instance, administration of cortisone to 
rabbits caused an increase in relative radio- 


TABLE II. Effects of Propylthiouracil on Magnesium Metabolism in Rabbits.t+ 


Mean base- 


Mean values at 


line values Wk It Wk II Wk IIT|| WkIV{ 
Wt (kg) 2.519 2.483 2.670* 2.769* 2.795* 
Serum Mg (meq/1) 1.72 My 1.57 1.86 Ls 
Exchangeable Mg (meq) 73.6 54.5 51.4 42.3 * 77.5 
Mg intake (meq/day) 23.1 UWB 20.7 20.2 20.3 
Urinary Mg exeretion (meq/day) 6.9 4.8 4.6 * 6.5 Ue) 
Urine volume (ml/day) 155 (ee 80 fe 87 a 98 i 


* Statistically significant difference when compared with mean baseline value. 


| Mean values in 8 rabbits, $ 
‘ ? a non Zale ie 
} % ” 6 7 oy 
qo» Fa ee ye 
| 6 Z 

I se d 


” 


) 
2 
> 
) 


r. ” ” 


al 


| Propylthiouracil administered as 0.05% solution in distilled water, 250 ml daily, 
days on propylthiouraeil. 


” 
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activity of muscle, accompanied by increase 
in Mg.. In contrast, the change in Mg?® up- 
take following administration of desoxypyri- 
doxine, pyridoxine, or alloxan occurred in tis- 
sues other than muscle or bone, and was not 
associated with any significant alteration in 
Mg.. In the present studies, although relative 
radioactivity in some soft tissues was in- 
creased by thyroxine, muscle and bone were 
not affected and no change occurred in Mg,. 
Conversely, administration of propylthioura- 
cil suppressed uptake of Mg? in bone, and 
was associated with a significant decrease in 
Mg. 

Previous studies showed that the largest 
body pool of magnesium is in muscle and 
bone. Magnesium in other tissues appears to 
exchange fairly rapidly with tracer dose of 
magnesium labeled with Mg?* and injected in- 
travenously(6). In normal human subjects 
Meg?’ does not enter muscle, bone, or erythro- 
cytes in appreciable amounts, and Mg, values 
are extremely low(7). 

The results of our study suggest that, al- 
though thyroxine or propylthiouracil produces 
alterations in magnesium metabolism, which 
can be demonstrated by Mg?*, the changes 
are insufficient to be detected by usual exter- 
nal balance technic. In potassium, another 
cation which is predominantly intracellular in 
location, a decrease in extracellular concentra- 
tion reflects a depletion of the zmtracellular 
store. Such a simple relationship does not 
seem to hold true with magnesium. Even 
though administration of propylthiouracil 
suppressed bone uptake of Mg** sufficiently to 
decrease the exchangeable body content of 
magnesium, serum magnesium concentration 
did not change. 

Summary. 1) In rabbits given thyroxine or 
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propylthiouracil, external balance studies for 
magnesium were performed, and Mg?* used 
to measure exchangeable body content of 
magnesium. In 8 rabbits given 2 intravenous 
injections of thyroxine sodium (0.3 mg/kg) 
no significant changes were noted in body 
weight, magnesium balance, or exchangeable 
magnesium content, although a decrease in 
serum magnesium concentration occurred. In 
another group of 8 rabbits the tissue relative 
activity of Mg** was determined following 3 
intravenous injections of thyroxine (1.0 mg/ 
kg) given within 4 days. The relative activ- 
ity was increased in liver, skin, appendix, and 
heart. 2) Eight rabbits given propylthioura- 
cil orally showed a decrease in exchangeable 
body content of magnesium at end of third 
week. A significant decrease was found also 
in relative radioactivity of liver and bone. 3) 
The value for exchangeable body content of 
magnesium appears related to rate of turnover 
of Mg?® in bone and muscle, the 2 largest 
body stores of magnesium. 


Meg?8 was supplied by Brookhaven Nat. Lab. on 
allocation from U. S. Atomic Energy Comm. 
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Rat Anterior Pituitary Nucleic Acid Levels as Function of Age.* * (25919) 


MeEtvin Hess 
(With technical assistance of James Bird) 
Dept. of Anatomy, University of Pittsburgh School of Medicine, Pa. 


During a study of rat anterior pituitary 
gland nucleic acid levels following adrenalec- 
tomy(1), the content of ribonucleic acid 
(RNA) for control animals varied from 8-12 
pg/mg of tissue. Since animals were not all 
of the same age, this variability might have 
been due to pooling of data obtained from 
rats of different ages. Secondly, the manner 
by which animals were sacrificed might be a 
factor influencing nucleic acid levels if RNA 
content is subject to change with stress. 
Therefore, this investigation was designed to 
study RNA content of anterior pituitary tis- 
sue of rats of specified age groups, sacrificed 
by either decapitation or an overdose of ether. 
In addition, water and collagen contents of 
the tissue were measured to note their levels 
as a function of age since fluctuations in these 
2 constituents can influence RNA concentra- 
tion. 

Methods. Male rats of Holtzman strain 
were obtained at various ages: Group I—35- 
37 days old, Group II—-51-59 days old, Group 
I1I—70-72 days old, Group IV—93-94 days 
old, Group V—128-132 days old, and Group 
VI-—one year old. They were maintained on 
Purina Laboratory Chow pellets and tap 
water ad lib. in temperature-controlled animal 
quarters. Animals were sacrificed by decapi- 
tation or overdose of ether, pituitary glands 
removed, posterior lobe tissue discarded, and 
anterior lobes weighed on torsion balance. 
Tissue collected from each rat was homoge- 
nized in cold normal saline to make a 0.6% 
homogenate. Determination of RNA content 
from pituitary homogenates followed pro- 
cedure described by Schneider(2). Water 
content of pituitaries from each age group was 
determined by weighing anterior lobe tissue 
before and after heating to dryness in oven at 
100°C until a constant minimum weight was 


* This investigation supported by research grant 
from Nat. Inst. of Arthritis, P-H.S., and by Arthritis 
and Rheumatism Fn. 


TABLE I. Anterior Pituitary RNA Content of 
Various Age Groups Killed by Decapitation or by 
Overdose of Ether. 


Ant. pituitary RNA content 
(ug/mg tissue) 


Age group Decapitation Ether 
35- 37 days old ffeil ae hi ((aks))) 
51- 59 6.4 + .2*(24) 8.8t+ 4 (24) 
70- 72 8:O == .6 (10) 7.9 + .4 (9) 
93- 94 6.5 = .2 (10) 6.8 +.4 (6) 
128-132 6.7, +2 3 (16) To Se (6) 
1 yr old (ees ede) (CAI) 


* Stand. error. No. of rats in parentheses. 

t Difference from decapitated groups IT, IV and 
V statistically significant (‘‘t’’ test for signifi- 
cance). 

{ Difference from ether groups I, IV and V and 
decapitated group IT statistically significant. 


obtained. A chemical analysis for hydroxy- 
proline was performed! on dried pituitary tis- 
sue as an estimate of collagen content(3). 

Results. Data obtained for RNA content 
of anterior pituitary tissue of rats of various 
ages are summarized in Table I. For the most 
part, the concentration of RNA in anterior 
lobe of pituitary gland appears fairly con- 
stant. 

In the series utilizing decapitation as means 
of sacrifice, there are no significant differ- 
ences between Groups II, IV, and V. The 
figure obtained for rats in Group III killed by 
decapitation is, however, significantly higher 
than the remainder of the series. 

Among the animals sacrificed by an over- 
dose of ether, only those in Group II demon- 
strate a significant difference from most other 
groups. Likewise, it is only this group that 
shows any difference in RNA content depen- 
dent upon manner of sacrifice. Decapitated 
rats of Group IT had 6.4 + 0.2 pg of RNA/ 
mg of tissue whereas the same age group sub- 
jected to ether overdosage had 8.8 + 0.4 pg 
of RNA. 

The water content of pituitary tissue from 


t The hydroxyproline determinations were per- 
formed by Dr. T. B. Rosenthal of this department. 
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different age groups varied within a narrow 
range. Samples of tissue lost from 68-76% 
of wet weights following drying. Likewise, 
amount of collagen in tissue, calculated from 
hydroxyproline values, did not vary signifi- 
cantly for various age groups. Amount of 
collagen in tissue samples of all age groups 
studied was between 0.5 and 1.5%. 
Discussion. The content of RNA in an- 
terior pituitary tissue does not vary markedly 
from one age group to another. Higher val- 
ues obtained for rats of Group III sacrificed 
by decapitation cannot be explained by any 
alteration in experimental procedure. For 
most age groups studied, there are no signifi- 
cant differences in RNA values obtained after 
sacrificing rats by either of the 2 methods. 
Stress produced by subjecting animals to 
ether is probably of too short a duration to 
influence nucleic acid changes. No explana- 
tion can be offered to account for the higher 
RNA values observed in Group II rats sacri- 
ficed by ether overdosage compared to the 
same age group sacrificed by decapitation. 
Tissue content of RNA is not influenced by 
variation of degree of hydration or collage- 
nous connective tissue infiltration from one 
age group to another. There are no differ- 
ences in these 2 constituents among various 
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age groups. Use of hydroxyproline deter- 
minations as index of amount of collagen pres- 
ent is reliable. Only collagenous connective 
tissue contains this amino acid in any appre- 
ciable amount(4). 

Summary. A study was made of RNA, 
water, and collagen contents of adenohypo- 
physes of rats of various age groups from 35 
days to one year old, sacrificed by decapita- 
tion or an overdose of ether. There were no 
significant differences in level of RNA in tis- 
sue from one age group to another. Concen- 
tration of anterior pituitary nucleic acid was 
not influenced by manner of sacrifice for most 
age groups studied. Contents of water and 
collagen in the tissue were similar in young 
and old rats. 
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Dihydrotachysterol (AT 10) and Mammogenesis in Ovary-Thyro- 


Parathyroidectomized Rats.* 


(25920) 


R. voN BERSWORDT-WALLRABE! AND C. W. TURNER 
Dept. of Dairy Husbandry, University of Missouri, Columbia 


Continuing study of mammogenesis in 
ovary-thyro-parathyroidectomized female rats, 
influence of estradiol benzoate (EB) and pro- 
gesterone (P) with thyroxine (T4) and dihy- 
drotachysterol (AT 10) were compared. 

Materials and methods. Sprague-Dawley- 
Rolfsmeyer rats were ovary-thyro-parathy- 


* Contribution from Mo. Agr. Exp. Sta. Journal 
Series No. 2167. Approved by Director. 

t Research Fellow, Dept. of Animal Physiology 
and Animal Nutrition, Univ. of Goettingen, West 
Germany. Present address: Univ. of Goettingen. 


roidectomized, injected, killed, and DNA of 
mammary glands determined under standard- 
ized conditions described(1). AT 10* was 
given every second day by stomach tube. 
Completeness of thyroidectomy checked by 
[81 uptake described(1). Group I received 
1 »g EB plus 3 mg P. Group II received in 
addition 20 pg/100 g AT 10. Group III re- 


¢ Kindly supplied by Sterling-Winthrop Research 
Inst., Rensselaer, N. Y. The commercial solution of 
AT 10 or dihydrotachysterol (Hytakerol) contains 
about 1250 wg of active principle per ml. 
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ceived in addition 1.5 pg T4/100 g. Group 
IV received 2 ug EB plus 6 mg P and 10 pg 
AT 10/100 g. Group V received in addition 
3 wg T4/100 g. Group VI received 2 ng EB, 
6 mg P plus 20 pg AT 10/100 g. Group VIII 
received in addition 3 ng T4/100 g. 

Results. In OTPEC rats 1 pg EB plus 3 
mg P without either T4 or parathyroid hor- 
mone replacement therapy stimulated mam- 
mary gland growth (as measured by DNA) 
equal to that stimulated in OE animals (Table 
I)(2). When 20 pg AT 10/100 g was added, 
DNA was increased significantly to 9.3 mg/ 
100 g due to a significant increase in DFFT. 
Addition of 1.5 »g/100 g T4 depressed favor- 
able effect of AT 10 resulting in DFFT and 
DNA comparable to effect of EB and P alone. 


Same significant increase of DF FT was ob- 
served when 20 ng AT 10 was added to 2 pg 
EB plus 6 mg P. However, increase in total 
DNA did not occur due to a significant re- 
duction in DNA/mg DFFT. Addition of 3 
pg/100 g T4 again reduced DF FT but DNA/ 
mg DFFT was increased resulting in total 
DNA comparable to EB and P alone. 

Total DNA of groups receiving 10 »g AT 
10/100 g alone and with 3 pg T4/100 g were 
not significantly influenced in comparison to 
2 vg EB plus 6 mg P, although again T4 de- 
pressed DFFT slightly. 

Wet weight of pituitaries of EB plus P in- 
jected rats are increased significantly in com- 
parison to normal controls(1) but were fur- 
ther significantly increased with 20 pg AT 
10/100 g. Addition of T4 reduced this hy- 
perplasia markedly. 

Completeness of thyroidectomy was proven 
by I'#! uptake at 48 hours on day 33 or 34. 
Intact control animals showed 9.87 + .84% 
in neck region and .91 + .05% in body, 
whereas operated animals showed highly sig- 
nificant lower uptake in neck region (Table 
I). All animals treated with AT 10, with or 
without T4, showed significantly increased 
1'31 yptake in comparison with other groups. 

Discussion. Data presented confirm previ- 
ous observation that normal mammogenesis 
can be induced experimentally with adequate 
levels of ovarian hormones in OTPEC rats 
(1). Effectiveness was not changed when 1 


vg EB plus 3 mg P instead of 2 ug EB plus 
6 mg P were given. 20 ng AT 10/100 g/day, 
a level far below “toxic borderline dose” of 
100 wg AT 10/100 g/day(4) exerted signifi- 
cant positive effect on mammogenesis. 

In previous study(5) T4 was shown to 
cause a significant increase in total DNA 
when 3 wg and 6 »g/100 g were injected with 
2 wg EB plus 6 mg P in OE rats. DFFT was 
maintained and an increase in DNA/mg 
DFFT was observed. 


In normal pregnant animals T4 at levels 
of 2.5 and 3.5 wg/100 g increased total DNA 
by maintenance of DFFT and increase of 
DNA/mg DFFT (unpublished). 

In present study T4 added to AT 10 at 
either 1.5 or 3 »g/100 g level depressed total 
DNA by significantly depressing DFFT with- 
out producing a corresponding increase of 
DNA/mg DFFT observed in ovariectomized 
and pregnant animals. It is suggested that 
if parathyroid hormone acts similar to AT 10 
in stimulating total DNA and further that T4 
increases parathyroid hormone secretion rate, 
then the results obtained with T4 in ovariec- 
tomized and pregnant animals could be har- 
monized with present observations. 

Favorable effect of T4 in non-TPEC ani- 
mals might be due, in part, to increased secre- 
tion of parathormone. Higher levels of AT 
10 may show increased total DNA of mam- 
mary glands when administered with T4. 

Increased uptake of I'*! in OTPEC rats 
administered AT 10 raises question of its role 
in I'*! uptake, release and T4 secretion rate 
in normal animals. 

Summary. Daily administration of 1 pg 
EB plus 3 mg P to mature ovary-thyro-para- 
thyroidectomized rats for 19 days stimulated 
mammary gland growth (DNA) comparable 
to ovariectomized rats receiving same treat- 
ment. Replacement therapy with 10 and 20 
pug AT 10/100 g/day, respectively, in combi- 
nation with 1 »g EB plus 3 mg P increased to- 
tal DNA significantly. No benefit was ob- 
served by increasing ovarian hormones to 2 
yng EB plus 6 mg P. Combined administra- 
tion of AT 10 at above mentioned levels and 
1.5 wg and 3 wg T4/100 g depressed DF FT 
significantly resulting in reduced total DNA. 
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SIDNEY GAINES, JULIUS A. CURRIE AND JOSEPH G. TULLY 
(Introduced by Maurice Landy) 
Dept. of Microbiology, Walter Reed Army Inst., Washington, D. C. 


Landy(1) reported that Swiss Bagg mice 
respond to isolated Vi antigen by producing 
specific antibody demonstrable by the stand- 
ard hemagglutination test(2), and that the 
passive protection afforded by this antibody 
was sufficient to account for the immunogenic 
activity of the antigen. These findings have 
been confirmed for BALB/c mice (an inbred 
variant of the Bagg), the strain employed 
most extensively in our laboratory. Recently, 
however, it was observed that specific anti- 
body could not be demonstrated in the serum 
of Vi-immunized Cinnamon mice, a strain not 
previously employed by us for serological 
studies. Inasmuch as Cinnamon, as well as 
BALB/c mice, could be protected actively 
against challenge with virulent Salmonella ty- 
phosa by administration of Vi antigen, this 
observation was unexpected, and suggested 
that response to antigenic stimulation might 
differ with the strain of mouse employed. The 
present study was therefore designed to eluci- 
date and compare responses of these 2 strains 
of mice to Vi antigen. Evidence was obtained 
that the type of antibody evoked by Vi anti- 
gen does indeed vary with the mouse strain. 
The antibody developed in Cinnamon mice 
immunized with Vi antigen was of the incom- 
plete type, but was nonetheless protective 
against challenge with S. typhosa. 

Materials and methods. Mice. The ani- 
mals ranged in weight from 11-16 g, and 
were of mixed sex. BALB/c mice were ob- 
tained from Microbiological Associates, Inc., 
Bethesda, Md., and Cinnamon mice from 
Dept. of Lab. Animal Medicine, Walter Reed 


Army Inst. of Research. Vi Antigen. The 
purified Vi antigen was prepared from the 
Vi strain of Escherichia coli (5396/38) by the 
method of Webster e¢ al.(3). Immediately 
prior to use, antigen was dissolved in 0.85% 
NaCl to give desired concentration. All in- 
oculations were made __ intraperitoneally. 
Sera. Specimens for use in passive tests 
and for serological study were prepared 
as follows: mice were inoculated with 10 pg 
of Vi antigen, bled 6 days later, and the se- 
rums pooled. Absorption of sera. 0.3 ml of 
packed bacterial cells (killed by heating at 
60°C for 1 hr) was added to each ml of 
serum, the suspension incubated at 37°C for 
1 hr, at 4°C overnight, and clarified by high 
speed centrifugation. Passive protection 
tests. Tests for serum potency were based 
on use of graded immunizing doses and a con- 
stant challenge dose, and were performed in 
Cinnamon mice. Serum was given intraperi- 
toneally 1 hour prior to challenge with a sa- 
line suspension of 3 x 10° S. typhosa Ty2V 
(fully virulent form) via the same route. 
ED;0s were determined by the method of 
Reed and Muench(4). Serological proce- 
dures. The hemagglutination test for com- 
plete (saline) Vi antibody was performed as 
described by Landy and Lamb(2). The pro- 
cedure for demonstration of incomplete Vi 
antibody was the same except that serum di- 
lutions were made in 15% bovine serum albu- 
min (BSA) obtained from Armour Pharma- 
ceutical Co. 

Results. During our studies ‘on the role of 
Vi antigen in virulence of S. typhosa for mice, 
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TABLE I. Response of Cinnamon and BALB/e 
Mice to Purified Vi Antigen. 


Vi antigen Vi hemagglutinin titers (saline) * 


(ug) Cinnamon serumt BALB/¢ serumt 
10 Negt 1:240 
1 ed 1:120 
sil ee 1:60 
01 x D7e5 
001 ‘2 Neg 


* Serum diluted in .85% saline. 

+ Pooled from 20 mice bled 6 days following a 
single inj. of Vi antigen. 

HIGGS <= il 7/5. 


it was observed that Cinnamon mice failed to 
produce demonstrable Vi antibody in response 
to administration of this antigen, in contrast 
to the response observed in BALB/c mice. 
These findings are shown in Table I. As lit- 
tle as 0.01 »g of purified Vi antigen elicited 
production of complete (saline) Vi antibody 
in BALB/c mice, while as much as 10 pg of 
antigen failed to stimulate production of this 
antibody by Cinnamon mice. As indicated 
previously, both Cinnamon and BALB/c mice 
could be actively immunized against challenge 
with virulent S. typhosa. Based on quantity 
of Vi antigen required to protect half the ani- 
mals, the extent of protection afforded the 2 
mouse strains was essentially the same. Em- 
ploying a challenge of 3.36 x 10° Ty2V cells, 
the ED; s of Vi for Cinnamon and BALB/c 
mice were 0.0078 and 0.0098 pg respectively. 
In the case of the BALB/c animals, the 
amount of Vi antibody produced was suffi- 
cient to account for the immunogenic activity 
of this antigen, but there was no demonstrable 
antibody to account for the protection af- 
forded Cinnamon mice following administra- 
tion of Vi antigen. Consequently, the serum 
of Vi-inoculated Cinnamon mice was exam- 
ined for its capacity to protect passively. 
Groups of mice were inoculated intraperitone- 
ally with graded doses of pooled serum from 
Cinnamon mice previously immunized with 
Vi antigen; 1 hour later, they were challenged 
with virulent typhoid bacilli (strain Ty2). 
For control purposes, other groups of mice 
were passively immunized with pooled “im- 
mune” BALB/c serum and similarly chal- 
lenged. Results of a typical experiment (Table 
II), show that serum obtained from Vi-im- 
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munized Cinnamon mice gave protection to 
the same extent as that afforded by serum 
from Vi-immunized BALB/c mice. 

In the absence of demonstrable Vi anti- 
body, the protective capacity of serum from 
Cinnamon mice suggested the presence of an 
atypical antibody, which might still account 
for the observed protection. The findings 
(Table III) clearly show that although saline 
antibody is absent (Table I), an incomplete 
type of Vi antibody is present in the serum 
of Vi-immunized Cinnamon mice. It is note- 
worthy that the titer of serum from Vi-inocu- 
lated BALB/c mice diluted in albumin was 
invariably higher than the saline titer. 


TABLE II. Passive Protection Provided by Sera 
from Vi-immunized Cinnamon and BALB/e Miee. 


Serum dose (ml) 


Mouse serum* .05 OL .002 ED; (ml) t 
Cinnamon 9/10$ 6/10 2/10 007 
BALB/eé NOAA wk) i .005 


* Pooled from 20 mice bled 6 days following a 
single inj. of 10 wg of Vi antigen. 

+ Challenge: 3 X 10° S. typhosa Ty2V. 

t Survivors/No. inj. 

From the findings given in Tables II and 
III, it is apparent that incomplete antibody 
accounted for the protection afforded mice by 
immunization with Vi antigen. To ascertain 
the specificity of this protection, serum of im- 
munized Cinnamon mice was subjected to spe- 
cific absorption procedures to remove its an- 
tibody and protective capacity. Serum from 
Vi-immunized BALB/c mice was treated in 
the same way, and these absorbed sera were 
then examined to determine whether they 
were still protective and serologically re- 
active. Table IV reveals that absorption of 
both Cinnamon and BALB/c sera with a 
Vi-containing organism markedly reduced 


TABLE JII. Production of Incomplete Vi Anti- 
body by Cinnamon and BALB/e Mice. 


VWiteniioen Vi hemagglutinin titers (BSA) * 
eet) 


(ug) Cinnamon serum BALB/¢ serum 
10 1:240 1:1920 
1 1:60 1:960 
all 1:15 1:480 
01 Neg 1:120 
001 ? 1:7.5 


* Serum diluted in 15% bovine serum albumin 
(BSA). 
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TABLE LV. Specificity of Protection Afforded by Cinnamon and BALB/e Sera. Effect of ab- 
sorption. 


Cinnamon serum” 


BALB/eé serum* 


— Dose (ml) ——, -—— Dose (ml) ——~ 
Treatment of serum 05 01 002 EDs (nl) t 05 01 002. EDs. (aml) t 
Unabsorbed c 9/10t 6/10 2/10 007 10/10 7/10 2/10 005 
#. coli (Vi-containing ) PAO) WA Ovi)  ~Ss405) 27.1.0 ey LOR ORS: 0 
S. typhosa Ty2W 9/11 10/10 


(non-Vi variant) 


* Pooled from 20 mice bled 6 days following a single inj. of 10 wg of Vi antigen. 


+ Challenge: 3 X 107 S. typhosa Ty2V. 
¢ Survivors/No. inj. 


Challenge controls: 10 mice were inj. with normal Cinnamon serum, 10 with normal BALB/e 
serum, and 10 with saline prior to challenge. There were no survivors. 


protective capacity of both sera. On the 
other hand, absorption with a W form (non 
Vi-containing) S. typhosa culture was with- 
out effect on the protection afforded by these 
sera. Similarly, both incomplete and com- 
plete Vi antibody were absorbed from these 
sera by treatment with Vi-containing bacilli, 
but not by absorption with non-Vi cells (Ta- 
ble V). The findings that protective activity 
and antibody content of these sera could be 
removed by absorption with Vi-containing or- 
ganisms provide evidence for the specific na- 
ture of the responses of both Cinnamon and 
BALB/c mice to administration of Vi antigen. 


Discussion. Incomplete antibodies have 
been detected in experimental animals and 
in human beings, but much of the in- 
vestigative work on this type of antibody 
has been along serological lines. Rela- 
tively little is known of the protective 
capacity of sera containing only incom- 
plete antibody, despite observations that sera 


TABLE V. Specificity of Vi Antibody in Cinna- 
mon and BALB/e¢ Sera. Effect of absorption. 


Cinnamon BALB/e 
serum™* serum * 
Vi antibody titert 
Absorbant Saline BSA Saline BSA 
Unabsorbed Neg 1:240 1:240 1:1920 
FE. coli (Vi-con- e Neg Neg Neg 
taining ) 
S. typhosa Ty2W y 1:240 1:240 1:1920 


(non- Vi variant) 


* Pooled from 20 mice bled 6 days following a 
single inj. of 10 wg of Vi antigen. 

t Determined by Vi hemagglutination test. 
Serum dilutions made in 0.85% saline or 15% bo- 
vine serum albumin. 


which apparently contain immune antibodies 
as shown by protection tests, fail to show sero- 
logical activity (agglutinins or precipitins). 
The presence of incomplete antibody in sero- 
logically non-reactive sera has been suggested 
by some workers(5) as a possible explanation 
for the passive protection provided by such 
sera. Landy(1) reported that serum of mice 
injected with a heat-phenol vaccine prepared 
from a Vi-containing strain of S. typhosa af- 
forded a limited amount of protection to Bagg 
strain mice in absence of antibody detectable 
in vitro. Based on the results of absorption 
experiments, he attributed the protective ac- 
tivity of the serum to Vi antibody, and stated 
that such antibody differed in some way from 
the readily demonstrable Vi antibody pro- 
duced in response to more potent immunizing 
agents such as acetone-killed and dried Vi- 
containing organisms or isolated Vi antigen. 
On the other hand, Tyler and Swingle(6), in- 
vestigating the effect of photo-oxidation of 
anti-pneumococcal rabbit serum and_anti- 
diphtheric horse serum concluded that “uni- 
valent” type antibody is ineffective for pas- 
sive protection against bacteria, but may 
function as protective antibody against toxins. 
The present study, however, has shown that 
incomplete Vi antibody effectively protects 
Cinnamon mice against challenge with viru- 
lent typhoid bacilli. 

The protection afforded by normal and cer- 
tain so-called immune sera against a variety of 
virulent organisms, and enhancement of pha- 
gocytic activity by such sera in the absence 
of readily detectable antibody may also be 
due to specific incomplete antibody. Tests 
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by diagnostic, clinical laboratories on sera of 
patients suffering from infectious diseases sel- 
dom, if ever, include determinations for in- 
complete antibody. If present, such anti- 
body might provide a more useful measure of 
the progress of the infection. Potuznik and 
Gavlik(7) have published data comparing in- 
complete and complete Vi antibody in serum 
of typhoid patients and carriers, and found 
that incomplete Vi antibody appeared in 
higher titers in almost every case, particularly 
among the carriers. 

It is generally believed that during the 
many years of its use, typhoid vaccine has af- 
forded man a significant degree of protection 
against natural infection. The fact that Vi 
antibody, as determined by the usual pro- 
cedures, appears in a relatively small per- 
centage of immunized individuals has led a 
number of investigators to question the im- 
portance of Vi antibody in protection of man 
against this disease. In the light of the pres- 
ent work, however, it might be profitable to 
reexamine sera from typhoid-vaccinated in- 
dividuals for incomplete Vi antibody. Such a 
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study is currently in progress in this labora- 
tory. 

Summary. Immunization with purified Vi 
antigen elicited incomplete Vi antibody in the 
Cinnamon strain, and complete Vi antibody in 
BALB/c mice. Incomplete Vi antibody alone 
accounted for protection afforded by serum 
from Cinnamon mice against challenge with 
fully virulent typhoid bacilli. Absorption 
tests verified the specificity of incomplete Vi 
antibody and protection it afforded. 
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ARTHUR BROWN, VIRGINIA ELSNER AND JULIUS E. OFFICER 
(Introduced by A. N. Gorelick) 
Virus and Rickettsia Division, Fort Detrick, Frederick, Md. 


Variola virus has been distinguished from 
other pox viruses by its poor growth on pri- 
mary inoculation into laboratory animals, and 
its failure to become adapted to laboratory 
animals on subsequent passage(1,2,3). Fur- 
thermore, it has been reported that mice in- 
oculated intracerebrally (IC) with variola 
virus succumb in erratic death patterns(4), 
and that lethality disappears after the first 
passage(3). Under -proper conditions to be 
described here, it will be shown that these dis- 
tinguishing characteristics may not serve as 


* We are indebted to Dr. A. W. Downie, University 
of Liverpool, England, for making a microfilm of 
Dr. Helbert’s thesis available, and supplying addi- 
tional information on variola infection in animals. 


absolute markers for differentiating variola 
from the other pox viruses. Data are pre- 
sented which show that variola virus does 
grow well when inoculated IC in mice, and 
that it can be serially passaged. 

Materials and methods. The Yamada 
strain of variola virus was used. To deter- 
mine whether multiplication of virus occurred, 
a large number of Swiss mice were inoculated 
IC. At selected sampling intervals, the brains 
of 3 sacrificed mice were pooled, homogenized 
as 20% suspensions in heart infusion broth, 
and assayed for virus titer on the chorio-allan- 
toic membrane (CAM) of 11-day-old embry- 
onated eggs(5). Ten eggs were used for each 
serial 10-fold dilution. ‘Titers were expressed 
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FIG. 1. Growth of variola virus in mouse brain. 


as number of pock infectious units (p.i.u.)/g 
of tissue. 

Results. The results of a typical experiment 
on growth of virus in the brain of IC inocu- 
lated mice weighing 12-14 gt are shown in 
Fig. 1. Titer of the virus decreased 91-99% 
in the first 5 minutes, rose to a peak between 
48 and 72 hours, then decreased. In experi- 
ments using younger mice (8-10 g), this final 
rate of decrease was more gradual. The peak 
titer was generally proportional to inoculating 
dose and occurred on the same day irrespec- 
tive of size of inoculum. These 2 features are 
not characteristic of most viruses. Generally, 
peak titer is independent of inoculating dose 
and is usually delayed with low doses. The 
growth curve obtained with the highest dose 
confirms Helbert’s results(6) who was one 
of the first to give quantitative growth data 
in mice in a comparative study of variola and 
alastrim. 

Preliminary experiments suggested that the 
marked initial decline in titer was neither due 
to dilution effect(7) nor to very rapid and ef- 
ficient adsorption to susceptible cells. The 
first explanation was ruled out when almost 
complete recovery of unadapted Newcastle 
disease virus was obtained 5 minutes after IC 
inoculation. The second explanation was con- 
sidered unlikely because of the well docu- 
mented reports on slow and inefficient adsorp- 
tion of pox viruses(8,9), and the reproducibly 
lower decrease in titer obtained with brain- 
adapted vaccinia virus in the same interval of 


t 12-14 g = 28-30 days; 8-10 g = 21-23 days. 
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5 minutes (average 80%, vaccinia; average 
95%, variola). The possibility for existence 
of a virus inhibitor in mouse brain is being in- 
vestigated. 

The virus was uniformly lethal for mice 
when 10*:* p.i.u. or more were inoculated in- 
tracerebrally. With smaller doses, mortality 
rate and death pattern became erratic (See 
also(2) and (6). For example, although 
doses as low as 10 p.i.u. infected 50% of the 
mice inoculated, as determined by resistance 
to challenge with neurotropic vaccinia virus 
after 3 weeks, the percentage dying varied 
from one experiment to another. Furthermore, 
in any given experiment, percentage of dead 
mice from this very small dose was sometimes 
the same or greater than percentage dying 
from a larger dose. 


Rough estimates indicated that weanlings 
(6-8 g) were approximately 1000 times more 
susceptible to the lethal effect of the virus 
than older (12-14 g) mice. Quantitative 
pock counts showed that the younger mice 
consistently produced 90% more virus in 
brain tissue. Marshall and Gerone (manu- 
script in preparation) have found that suck- 
ling mice 6-22 hours old give consistently uni- 
form death patterns such that confident as- 
says may be carried out in this host. 

Serial passage of variola virus by the IC 
route was next attempted. The brains of 
three 8-10 g mice, each inoculated with 10° 
p.i.u., were excised at time of peak titer (3rd 
day) and homogenized as a 20% suspension 
in heart infusion broth. Inoculation of these 
homogenates proved to be toxic for a certain 
proportion (10-30%) of the mice which suc- 
cumbed within the first 15 minutes. The 
toxic factor was associated with uninfected 
mouse brain, but by repeated low speed cen- 
trifugation, the toxicity of the supernatants 
was substantially reduced. Passages were 
made, therefore, employing both supernatants 
and whole brain homogenates. Ten consecu- 
tive passages were made. The results of one 
experiment (Table I) indicated that variola 
virus may be continuously propagated by in- 
tracerebral passage provided the requirements 
of dosage and time of harvest are met. The 
erratic lethal pattern persisted when titrations 
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TABLE I. Passage of Variola Virus Intracere- 
brally in Mice. 10 successive passages. 
Series 1 

Homogenized brain 

suspension passaged 


Series 2 
Supernatant of brain 
suspension passaged 


Titer p.i.u./g 


xix OOK 
Xie 


Rew RDO OO RR REN HE 
Amnownoocooncohnd 
bo 
S 
OOH NRNNHHE 
SoOnNnNIocn ore 


of passage material were made. It is note- 
worthy in the passages made with superna- 
tants, that once a decrease in titer occurred 
(5th passage), the titer remained low and 
could not be restored. This occurred twice in 
6 passage series. In both cases, when the 
titer fell below a critical level of about 10+ 
p.iu./g, it decreased further on passage and 
remained at a very low level. 

Attempts were made to confirm the identity 
of the tenth passage virus and to determine if 
a variant of variola virus might have 
emerged. The results of these experiments 
(Table II) identified the passaged virus as 
variola virus. Mice surviving infection with 
the passaged virus were immune 3 weeks later 
to IC inoculation of 3000 MIC LDsos of a 
mouse neurotropic strain of vaccinia virus. 
Pocks that formed on the CAM by the tenth 
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passaged material were the same in size, color 
and morphology as those formed by the par- 
ent variola strain. The passaged virus, like 
the parent, was incapable of forming plaques 
on monolayers of chick fibroblasts. Pirsch 
and Mika(10) have found that with the ex- 
ception of variola and alastrim, all the classi- 
cal pox viruses tested form distinct plaques 
on chick fibroblast monolayers. This appears 
to be an important new characteristic differ- 
entiating variola from other members of the 
pox group. These and the remaining data in 
Table II support the fact that a variant had 
not emerged during the 10 mouse brain pas- 
sages. Passaged mouse brain material and 
an egg seed prepared from it gave identical 
results. 

Summary. Variola virus was lethal for mice 
by intracerebral route when relatively high 
doses were inoculated. Lower doses produced 
erratic death patterns. Virus proliferated in 
mouse brain reaching peak titer between 48 
and 72 hours. Amount of virus at peak titer 
was dependent on quantity of virus inocu- 
lated. Ten consecutive passages of the virus 
in mouse brain were successfully carried out. 
The most important factor which appeared to 
influence successful serial passage of the virus 
was level of titer attained in preceding pas- 
sage. This titer was, in turn, dependent on 
size of inoculating dose, time of harvest and 
age of mouse. The passaged virus was iden- 
tical with parent strain with respect to a 


TABLE II. Properties of Parent and Mouse Brain-Passaged Variola Virus. 


Property 


Parent virus Passaged virus 


Surviving mice challenged with neurotropic 
vaccinia virus (3000 MIC LD5s) 


Pocks on CAM 


Plaques on chick fibroblasts 

Lethality for mice 

Growth response in mouse brain 
pee p.i.u./g 

Ratio ‘ | r.8.1.p.50/2* 


Hemagglutinin titer 
50°C inactivation rate (first 30 min.) 


Induces immunity Induces immunity 


White convex 


.9 mm 2 days 
1.4 3 


None 


Erratic death pattern 
(see text) 


Same as Fig. 1 
10% 


1/160 
1.7 log/15 min. 


White convex 


.9 mm 2 days 
1.4 3 


None 


Erratic death pattern 


Same as Fig. 1 
ide 


1/160 
1.6 log/15 min. 


Spas 2, —— pock infectious units/g of CAM seed; r.s.l.p.5/g = median rabbit skin lesion- 


producing dose/g of CAM seed. 
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A New Insight into Pathogenesis of Carbon Tetrachloride Fat Infiltration.* 
(25923) 


RicHARD O. RECKNAGEL,| BENITO LoMBARDI AND MicuaEt C. Scuotzt 
(Introduced by George Sayers) 
Dept. of Physiology, Western Reserve University School of Medicine, and Research Division, 
Cleveland Clinic Foundation, Cleveland, O. 


Recent investigations in a number of lab- 
oratories have made possible the formulation 
of a simple hypothesis regarding the under- 
lying functional derangement responsible for 
accumulation of fat in the liver following car- 
bon tetrachloride poisoning. This hypothe- 
sis is as follows: The liver is constantly se- 
creting large quantities of triglycerides into 
the plasma. Carbon tetrachloride poisons 
the secretory mechanism, and as a result tri- 
glycerides accumulate in the liver. Key ob- 
servations which led to formulation and test- 
ing of this hypothesis were the following: 
It was observed(1) that following intubation 
of carbon tetrachloride into the stomach of 
rats, the hydrocarbon reached its peak con- 
centration in the liver within 1 to 2 hours. In 
another study(2) it was shown that liver tri- 
glycerides were elevated 34% within one hour 
and 195% within 3 hours following carbon 
tetrachloride poisoning. Furthermore, we 
have shown that mitochondrial oxidation of 


* Supported by grants from Nat. Inst. of Arthritis 
and Metab. Dis. and Nat. Heart Inst., N.I.H., P.H.S. 

t Senicr Research Fellow, Nat. Inst. Health, P.H.S. 

+ Present address: Radioisotopes Service, Veterans 
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octanoate, and mitochondrial respiratory con- 
trol, are completely unaffected 2 hours after 
carbon tetrachloride poisoning at which time 
liver triglycerides are elevated 70% (Reck- 
nagel, R. O., and B. Lombardi, unpublished). 
These observations in conjunction with our 
earlier studies(3,4) of mitochondrial function 
following carbon tetrachloride poisoning, as 
well as related work of others(5) appeared to 
us to demonstrate convincingly that failure of 
fat oxidation, or uncoupling of oxidative phos- 
phorylation, could not account for the early 
rise in liver triglyceride content. It was fur- 
ther observed(6) that 4 hours after carbon 
tetrachloride poisoning, hepatic glucose-6- 
phosphatase, a microsomal enzyme, was de- 
pressed to 59% of control levels. Subse- 
quently, (Recknagel, R. O. and B. Lombardi, 
unpublished) it was shown that this enzyme 
was depressed 30% 2 hours after carbon tetra- 
chloride intoxication. Neubert and Maibauer 
(7) had previously noted that the hepatic mi- 
crosomal enzyme system involved in amino- 
pyrine detoxication was destroyed in carbon 
tetrachloride poisoned rats at a time when 
no derangement in mitochondrial oxidative 
phosphorylation was evident. These observa- 
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tions pointed to the membranous component 
of the endoplasmic reticulum as the most 
probable locus for a hitherto unknown mech- 
anism intimately concerned with hepatic lipid 
metabolism. Consideration of the role of 
liver in transport of lipids in the body led to 
the hypothesis that an hepatic lipid secreting 
mechanism was probably involved. The re- 
cent reviews by Fredrickson and Gordon(8) 
and by Olson(9) may be consulted for the 
historical roots of this hypothesis. More re- 
cently, Byers and Friedman(10), by prevent- 
ing exit of triglycerides from the plasma by 
means of Triton injection, demonstrated con- 
vincingly that the liver is capable of secreting 
large amounts of triglycerides into the plasma. 
It appeared to us to be highly likely that this 
hepatic triglyceride secretory mechanism was 
the locus of a functional derangement in the 
carbon tetrachloride poisoned liver. This 
communication presents data in support of 
this hypothesis. 


Methods. Sixteen male rats of the Sprague- 
Dawley strain, from 208 to 274 g body weight, 
were used. The rats were without food over- 
night for 17 hours. The experiment which 
was carried out twice was designed for 8 rats 
divided into 4 equal groups. Four rats were 
force-fed mineral oil (0.25 ml/100 g body 
weight), and 4 rats were force-fed a 1:1 car- 
bon tetrachloride-mineral oil mixture (0.5 ml 
of the mixture/100 g body weight). Force- 
feeding was done through a stomach tube 
under light ether anesthesia. After 2 hours, 2 
of the mineral oil fed rats were injected with 
0.9% NaCl and 2 were injected with Triton 
(Winthrop Labs, WR-1339). Similarly, car- 
bon tetrachloride fed rats were injected with 
either 0.9% NaCl or Triton. The dose of 
Triton was 100 mg/rat, dissolved in 0.5 ml 
of 0.9% NaCl, injected into a saphenous vein 
under light ether anesthesia. Ninety minutes 
after Triton (or 0.9% NaCl) injection, 5 ml 
of blood were withdrawn from the abdominal 
aorta. The liver was removed and weighed, 
and a liver sample taken for triglyceride 
analysis. Blood and liver samples were taken 
under sodium pentobarbital anesthesia (5 
mg/100 g body weight, intraperitoneally). 
Plasma triglycerides were estimated according 


pressed. 
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TABLE I. Effect of Carbon Tetrachloride Poison- 
ing on Plasma Triglyceride Content in Triton 
Treated and Non-Triton Treated Rats. 


Plasma 

triglycerides, Liver tri- 
Treatment No.of mg/100 ml glycerides, 

of animals rats plasma mgt 
Control 4 24.4+ 2.65 20.5 + 2.93 
CCl, fed 4 64+ .86 60.9 + 8.84 
Triton (no CCl,) 4 286 =+21.6 19:3 =: 3.68 
CCl, fed + Triton 3* 69 +10.3 63.0 + 4.35 


* One rat lost under nembutal anesthesia. 

t All data given as mean + stand. error. Liver 
triglycerides given as mg/whole liver/100 g body 
wt. 


to Van Handel and Zilversmit(11). Total 
liver lipid was extracted according to Folch 
et al.(12), redissolved in chloroform and 
passed over a silicic acid column. The chloro- 
form eluate of the silicic acid column was 
analyzed for triglycerides according to Van 
Handel and Zilversmit(11). 

Results. Ninety minutes after Triton ad- 
ministration to normal rats, plasma triglycer- 
ide content was elevated 12-fold (Table I). 
If the rats had been poisoned with carbon- 
tetrachloride 2 hours previously, this increase 
in plasma triglycerides was markedly de- 
Plasma triglyceride concentrations 
in carbon tetrachloride poisoned rats not given 
Triton were also markedly lower than corre- 
sponding controls. Data of Table I also in- 
dicate that 3.5 hours post carbon tetrachloride 
feeding, liver triglyceride content has been 
elevated 3-fold. Triton administration did 
not alter hepatic triglyceride concentration in 
normal rats, nor did it affect hepatic triglycer- 
ide accumulation due to carbon tetrachloride. 
This suggests that insofar as lipid transport 
mechanisms are concerned, Triton selectively 
inhibits exit of triglycerides from plasma 
whereas carbon tetrachloride selectively in- 
hibits exit of triglycerides from liver. Plasma 
triglyceride values formed 4 distinct groups 
with no overlapping values. Liver triglyceride 
values formed 2 distinct groups (CCl,-fed vs. 
non-CCl,-fed) with no overlapping values. 

Discussion. The data presented suggest 
that with respect to the hepatic triglyceride 
secretory mechanism, carbon tetrachloride 
has, in effect, produced a functional hepatec- 
tomy. This is evident in the non-Tritonized 
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animals, but the effect is markedly exagger- 
ated following Triton administration. Fail- 
ure of the triglyceride secretory mechanism 
appears to be almost complete 2 hours after 
intoxication, which corresponds in time with 
attainment of the peak concentration of car- 
bon tetrachloride in the liver(1). Failure of 
the hepatic secretory mechanism results in a 
dramatic fall in plasma triglycerides and a 
corresponding retention of triglycerides with- 
in the liver. The small rise of plasma tri- 
glycerides in the carbon tetrachloride poisoned 
rats injected with Triton could be due in part 
to a contribution from the gut(10). 

The hypothesis in its present form has been 
restricted to the pathology of carbon tetra- 
chloride poisoning. It has been tested only in 
regard to the action of this hepatotoxin. How- 
ever, it appears self-evident to us that the he- 
patic triglyceride secretory mechanism must 
be complex and that it could fail as a result 
of a variety of pathological disturbances of 
the liver cells. It will therefore be most in- 
teresting to determine whether ethionine ad- 
ministration, choline deficiency, phosphorus 
poisoning, etc. likewise produce hepatic fat 
accumulation by destruction of or interference 
with the normal function of the hepatic tri- 
glyceride secretory mechanism. The elegant 
demonstration of this hepatic function by 
Byers and Friedman(10) has provided a sim- 
ple method for determining the extent to 
which the hypothesis here presented is in fact 
a general one and not peculiar to carbon tetra- 
chloride poisoning alone. 

Summary. Intravenous administration of 


Triton to rats causes a marked elevation of 
plasma triglycerides. If the rats have been 
poisoned with carbon tetrachloride 2 hours 
previously, accumulation of triglycerides in 
the plasma following Triton administration is 
markedly reduced. The existence of an he- 
patic triglyceride secretory mechanism is in- 
ferred from the work of others, and it is postu- 
lated that carbon tetrachloride poisons this 
triglyceride secretory mechanism. Triglycer- 
ides, which would normally be secreted into 
plasma, are retained in the liver. 
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Adrenalectomy in the Rat.* 
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in spite of widespread use of adrenal as- 
corbic acid concentration as parameter of 
adrenal cortical activity, little is known re- 
garding its true relationship to corticosteroido- 


genesis. Since a sensitive method for deter- 


* This investigation supported by research grant 
(B-959) from Inst. of Neurol. Diseases and Blind- 
ness, N.I.H. 
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mination of corticosterone is now available, it 
appeared of interest to correlate changes in 
ascorbic acid and in adrenal and plasma cor- 
ticosterone concentration, observed as ordi- 
nates of time following unilateral adrenalec- 
tomy in the rat. 

Materials and methods. One hundred and 
seventeen adult male Sprague-Dawley rats, 
distributed into one group of controls and 16 
of experimentals, were acclimatized for 7-10 
days to laboratory conditions (constant light- 
ing and temperature (25 + 1°C); Purina 
Fox-Chow and water ad lib.) in batches of 
6-12. In view of extreme sensitivity of cor- 
ticosteroidogenic response to environmental 
change(1), they were caged singly and left 
undisturbed for 12 hours prior to experiment. 
Left adrenalectomy, used as stimulus and as 
means of securing an internal control for re- 
maining gland, was performed by lumbar ap- 
proach, under ether anesthesia. To prevent 
stress-induced elevation of its corticosterone 
concentration, the control gland was removed 
within 90 seconds of anesthesia. The animals 
were killed by decapitation at progressively 
longer intervals? (1.5, 2, 4, 5, 10, 15 and 30 
minutes; 1, 2, 4, 10, 24, 48, 72, 96 and 192 
hours) from onset of etherization. Arterio- 
venous blood was collected from neck vessels 
into heparinized beakers for plasma corticos- 
terone determination. Right adrenals of ex- 
perimentals and both glands of controls were 
dissected free of adhering tissue and halved. 
The halves were weighed to nearest 0.05 mg 
and respectively extracted, following homo- 
genization with rod and sand, in ethanol- 
saline for corticosterone, and 4% trichloro- 
acetic acid for ascorbic acid determination. 
Adrenal and plasma corticosterone was deter- 
mined by modification(2) of Silber’s fluoro- 
metric technic(3); adrenal ascorbic acid, by 
modification(4) of Roe and Kuether’s method 
(5). Results were expressed as percent 
changes from left adrenal levels for adrenal 


+ In few instances when left adrenal corticostercne 
concentration exceeded 20 y/g, inadvertent stimula- 
tion was suspected and the data discarded. 

+ Antibiotics were administered on first postopera- 
tive day to animals maintained 48 hours or more 
after unilateral adrenalectomy. 
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TABLE I. Resting Levels of Adrenal Ascorhbie 
Acid and Corticosterone in Control and Experi- 
mental Groups. 


Ascorbie acid, Corticosterone, 


7/100 mg y/g fresh 

Group Gland fresh tissue tissue 
Controls Left 462.2 + 9.2t 8.4 + 1.3 
(uy Right 467.7 +13.6 LORE SeeIeS: 
Exp. (100) Left 462.8 + 7.5 Ose of 


* No. of animals. t+ Stand. error. 


corticosterone and ascorbic acid, and from 
control baseline for plasma corticosterone. 

Results. Resting levels. No significant 
difference was observed (Table I) between 
left and right adrenals of controls and left 
glands of experimentals, with regard to as- 
corbic acid and corticosterone concentrations. 
With due correction for residual fluorescence 
(6), mean plasma corticosterone level in con- 
trols was 3.3 + 0.8 y/100 ml. 

Postoperative levels. A fall of adrenal as- 
corbic acid (Fig. 1A), detected within 4-5 
minutes of surgical procedure and maximal 
(50%) after 1-2 hours, was followed by a 


45 -AORENAL ASCORBIC ACID, % CHANGE FROM LEFT ADRENAL 


1800 


n 
2100 ADRENAL CORTICOSTERONE, % CHANGE FROM LEFT ADRENAL [e] 
A 


i 4 roe = ate 
30 MINUTES 60 210 24 468 72 96 
TIME AFTER UNILATERAL ADRENALECTOMY 


HOURS 192 


FIG. 1. Effects of unilateral adrenalectomy on as- 

corbie acid (A) and corticosterone (B) concentra- 

tions of remaining gland, and on plasma ecorticos- 

terone level (C). Stand. errors are indicated by 
T-shaped bars. 
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rise interrupted at 10th hour, resumed at 
24th, and levelling off above baseline after 
3-4 days. Adrenal corticosterone response to 
the stimulus (Fig. 1B) was characterized by 
a 17-fold increase in concentration within 30 
minutes, followed by return to baseline after 
24 hours, and secondary rise after 3 days to 
moderately elevated values recorded on 4th 
and 8th day. The pattern evidenced by 
plasma corticosterone (Fig. 1C) differed by 
lower peak (ninefold increase) maintained 
one additional hour, and followed by regres- 
sion to distinctly subnormal (40%) level after 
one day. Concentration increased, thereafter, 
to plateau of 300% observed between 4th 
and 8th day. 


Discussion. The immediate postoperative 
changes in recorded parameters of adrenocor- 
tical activity are admittedly related to the re- 
lease of ACTH triggered by surgical proce- 
dure. Hodges and Vernikos(7) showed that, 
under comparable conditions, level of ACTH 
in blood reaches its peak within 2% minutes 
and is back to normal after 20. Since peak 
adrenal and plasma corticosterone values, and 
maximal ascorbic acid depletion were not re- 
corded before 30 to 60 minutes postopera- 
tively, it appears that the responses initiated 
by ACTH outlive its disappearance from 
blood. This persistent activation, noted by 
Brodish and Long(8) with respect to adrenal 
ascorbic acid, is ascribed by them to ACTH 
adsorbed by the gland and which, according to 
Sonenberg ef al.(9), presents an exponential 
rate of disappearance. Duration and rate of 
corticosteroidogenesis could be likewise con- 
ditioned by amount of adsorbed ACTH and 
its biological half-life in the adrenal. This is 
consistent with the observed long-lasting effect 
of preincubation with ACTH on in vitro ster- 
oid production of rat adrenals subsequently 
washed and incubated in an ACTH-free me- 
dium(10). 

No significance should be attached to the 
relatively smaller percentile increase of 
plasma than of adrenal corticosterone values, 
since baseline for plasma was obtained from 
intact donors, and should therefore be halved 
for strict comparison with values from uni- 
laterally adrenalectomized animals. 


The rise and fall of corticosterone in the 
gland are respectively indicative of a pre- 
dominance of synthesis over release of hor- 
mone during first 30 minutes, and of release 
over synthesis from then on. It is interesting 
that ascorbic acid depletion appears more 
closely related in time to release than to syn- 
thesis of corticosterone, since maximal deple- 
tion does not correspond to peak of corticos- 
terone concentration in the gland (30 min- 
utes), but is achieved at the same time (60- 
120 minutes) as the peak of its concentration 
in plasma, when rate of release of the hormone 
presumably reaches equilibrium with rate of 
removal or inactivation. As a corollary, as- 
corbic acid repletion and fall of plasma corti- 
costerone are initiated simultaneously, 2 hours 
postoperatively. This temporal relationship 
between initial changes in ascorbic acid con- 
centration and release of corticosterone 
should, however, be interpreted with caution, 
in view of recorded instances of dissociation 
between the 2 phenomena(11,12). The rela- 
tionship was not apparent, beyond the first 
postoperative day, when a secondary rise of 
plasma corticosterone paralleled continued re- 
pletion of adrenal ascorbic acid. Moreover, 
since the observed rise of plasma corticoster- 
one concentration preceded by 2 days a corre- 
sponding change of its adrenal concentration, 
it would be difficult to dissociate the possible 
involvements, in early part of rise, of slower 
tate of inactivation and of increased rate of 
release of the hormone. The eventual rise 
of adrenal corticosterone concentration be- 
tween third and fourth postoperative day is 
tentatively ascribed to the effect of transient 
hypocorticoidism recorded after 24 hours, on 
feedback-mediated release of ACTH. 


Summary. From comparative study of 
changes in adrenal ascorbic acid and in 
adrenal and plasma corticosterone concentra- 
tion induced by unilateral adrenalectomy in 
the rat, adrenal ascorbic acid depletion ap- 
pears more closely related in time to release 
than to synthesis of corticosterone, since maxi- 
mal depletion did not correspond to peak of 
corticosterone concentration in the gland (30 
minutes postoperatively), but was achieved 
at the same time (60-120 minutes p.o.) as its 
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peak concentration in plasma, when rate of re- 
lease of the hormone presumably reached 
equilibrium with its rate of removal or inacti- 
vation. In view of reported instances of dis- 
sociation between the 2 phenomena, the ob- 
served temporal relationship should be inter- 
preted with caution. 


The authors are indebted to Miss R. C. Wood for 
able technical assistance. 
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Regurgitation of blood can occur through 
a normal mitral valve. This has been demon- 
strated by: Hayden, et al.(1) utilizing isotope 
dilution; Friedman e¢ al.(2) recording blood 
impedance changes after injecting sodium 
chloride; Wiggers(3) and Little(4), in meas- 
uring changes in pressure curves; and by 
Daley, e¢ al.(5), using Evans blue in hearts 
with auricular fibrillation. Paul(6) has re- 
corded this phenomenon by cinefluorography 
using opaque contrast in dogs with a slowed 
heart rate. The present study was under- 
taken as a further elaboration of Paul’s work 
to determine the minimum length of diastasis 
to permit minimal regurgitation. 

Method. Mongrel dogs, weighing 6.8-20.4 
kg were anesthetized with sodium pentobarbi- 


* Nat. Inst. Health Fellow, Research Grant, 1958. 

+t New address: Dept. of Physiology, Siriraj Hosp. 
and Medical School, Dhonburi, Thailand. I.C.A. Fel- 
low while in Dept. of Physiology, Temple Univ. 
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tal (35 mg/kg, z.v.). A No. 6 French whistle- 
tipped catheter was introduced via a thora- 
cotomy incision into the left atrium through 
the auricular appendage and brought out 
through a stab wound in the chest. Peri- 
cardium and chest wall were closed, lung was 
fully expanded, and spontaneous respiration 
permitted to reappear. Two catheters (Nos. 
6 F and 10 F) were then introduced into the 
left ventricle via the 2 common carotid ar- 
teries. The No. 6 F catheters in the left 
atrium and ventricle were attached to previ- 
ously balanced strain gauges and pressures re- 
corded simultaneously on a multichannel re- 
corder. These pressures were subsequently 
used to measure period of diastasis (Fig. 1). 
After the heart was slowed by stimulation of 
the left vagus (tied off proximally) contrast 
material was rapidly injected into the left 
ventricle via the No. 10 F catheter. The 
opaque medium was visualized by means of a 
Philips fluoroscopic image intensifier(7,8) and 
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FIG. 1. Pressures from left ventricle and left at- 
rium were recorded simultaneously to measure 
duration of diastasis. Time interval equals 0.04 
sec. 

recorded on 16 mm film with a Bell and How- 
ell camera at 64 frames per sec. All dogs 
were in the supine position and a horizontal 
X-ray beam was used. Contrast material uti- 
lized was 60, 70, or 90% sodium methylglu- 
camine diatrizoate, 70% sodium diprotrizoate 
or 70% sodium acetrizoate. The dose varied 
from 1 to 2 ml/kg. Location of the mitral 
valve was determined by its known relation- 
ship to the fat pad in the left atrio-ventricular 
sulcus and to the opacified left circumflex cor- 
onary artery. Contrast material posterior to 
these structures indicated presence of mitral 
regurgitation. 

Results. A total of 270 injections were 


made in 18 dogs and diastolic regurgitation 


| Cathefer-do lett otra 
Left atrium 


Left circumflex 
coronary artery 


| Left ventricle 


FIG. 2. Selected frames from cinefluorographic 

study show diastolic regurgitation with slowed 

heart rate: (A) control, no regurgitation; (B) 

mitral regurgitation with prolonged diastasis dne 

to slowed heart; (C) subsequent ventricular sys- 
tole. 


was observed in all animals in which there 
was sufficient prolongation of diastasis (Fig. 
2). There is a critical duration of diastasis 
for regurgitation to occur. No regurgitation 
occurred when duration of diastasis was 
shorter than this period, but was always pres- 
ent when diastasis was longer than this criti- 
cal interval (Table I). Amount of regurgita- 
tion increased directly with prolongation of 
this diastolic period. The average length of 
diastasis for minimal regurgitation was found 
to be 0.39 sec. (Table II). This value varied 
from 0.22-0.60 sec. but a fairly constant time 
was found for each animal. 


TABLE I. Examples of Successive Recordings dur- 
ing the Production of Minimal Diastolic Regurgita- 


tion. 
———_ Dog #18 te Dog #12——_, 
Diastasis Diastasis 
(sec.) Regurgitation (sec.) Regurgitation 
O01 None 01 None 
44 ‘“ 16 a) 
18 2 100 a 
44 1+ .78 2+ 
66 z .70 i 
42 None .68 ut 
50 ee 60 ” 
70 ye: 48 a 
52 None .38 None 
50) Dp 40 ee 
38 None 
38 jee 
.o2 None 
wo4 a 
.28 2 
88 rae 


1+ = Barely perceptible with motion. 
2+ = Definite regurgitation in single frame. 


When the No. 10 F catheter was coiled in 
the left ventricle, or pushed as far as possible 
against the apex, or deliberately placed 
through the mitral valve into the left atrium 
no regurgitation appeared until heart rate was 
slowed. Similar results were obtained in 10 
different dogs after both catheters were re- 
moved from the left ventricle and injection 
was made directly through a needle in the left 
ventricle. 

Systolic regurgitation was seen in 4 out of 
18 dogs. This occurred throughout the study 
and was independent of heart rate. With a 
slow heart rate and consequent prolongation 
of the diastasis, diastolic regurgitation also 
occurred. These dogs were subsequently 


DtAstToLtic REGURGITATION NorMAL MITRAL VALVE 


TABLE II. Total Series in Production of Minimal 
Regurgitation through Normal Mitral Valve by 
Prolonging Diastasis in 11 Dogs. 


Length of dia- 
stasis in see, 
at which min 


Length of dia- 
stasis in see. 
at which min 


No. of regurgitation No.of regurgitation 
inj. appeared inj. appeared 
14 4 *22 22 

*21 46 : 18 38 
19 .28 18 32 
19 48 ake 32 

9 60 15 44 
16. 42 
Avg  .39 


* Had minimal regurgitation with diastasis of 
0.1 see. with several inj., but could not be repro- 
dueed. 
found at autopsy to have hemorrhagic mitral 
valves. 

Discussion. The mechanism of mitral re- 
gurgitation through a normal valve has been 
discussed (6,9,10). This phenomenon of re- 
gurgitation can readily be recorded with the 
cinefluorographic technic by slowing heart 
rate and thus prolonging diastasis beyond a 
critical point. 

Actual determination of this critical time 
interval was subject to certain limitations. 
Vagal stimulation often produced an irregular 
slowing of the heart, making it difficult to re- 
produce the same rate. Injections of contrast 
material were made by hand. ‘These varied 
in speed and force, and were performed dur- 
ing different phases of the cardiac cycle. 
These factors resulted in considerable varia- 
tion of amount of contrast material within the 
left ventricle at any one time. One dog had 
an irregular auricular rhythm making meas- 
urement of the periods of diastasis uncertain. 
There is a definite subjective element present 
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in interpretation of “minimal” regurgitation. 

Thus the average duration of diastasis for 
minimal regurgitation was found to be 0.39 
sec., but because of the above noted limita- 
tions, considerable variations from 0.22-0.60 
sec. were obtained. 

Summary. Diastolic regurgitation of 
Opaque contrast material can occur through 
normal mitral valve when the period of dias- 
tasis exceeds a specific time interval. This 
period of diastasis in dogs varies from 0.22 to 
0.60 second, average of 0.39 second. When 
diastasis is shorter than this interval no re- 
gurgitation occurs, but it always occurs when 
prolonged beyond the critical period. 
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Arteriosclerosis in the Rat: Aortic Enzyme Changes Accompanying 


Arterial Pathology.* 


(25926) 


GEorGE W. KitTINGER, BERNARD C. WEXLER AND BENJAMIN F. MILLER 
(With technical assistance of Lionel W. Staples) 
May Inst. for Medical Research, Jewish Hospital of Cincinnati and Depts. of Biochemistry, 
Pathology and Medicine, University of Cincinnati College of Medicine. 


Repeatedly bred rats have been shown to 
develop arteriosclerosis spontaneously (1-4). 
This tendency was greatly intensified by uni- 
lateral nephrectomy and injection of ACTH 
(2). This report describes changes in arterial 
enzyme concentrations which can be corre- 
lated with gross pathology. 


Methods. Rats were 8- to 9-month-old fe- 
male breeders from Sprague-Dawley Farms. 
The majority had 4 to 6 pregnancies, and av- 
eraged 330 g in body weight. Animals were 
used soon after receipt and no treatment was 
given prior to sacrifice. Animals were sacri- 
ficed by decapitation, and their aortas classi- 
fied as follows: No grossly discernible lesions 
= clear; thin annular streaks in abdominal 
aorta = minimal; annular streaks plus 
plaques in the arch = moderate; plaques 
throughout the arch, and thoracic and ab- 
dominal aorta — severe. The entire aorta 
was removed and the lumen flushed with nor- 
mal saline. The aorta was weighed after re- 
moval of excess moisture and adherent con- 
nective tissue, and a 5% homogenate prepared 
in ice-cold saline with hand operated Ten- 
broeck tissue grinder. Disintegration of tis- 
sue was complete in 3 to 5 minutes. The ho- 
mogenates were centrifuged at 1000 times 
gravity for 10 minutes to prepare superna- 
tants for lactic dehydrogenase (LDH) and 
glucose-6-phosphate dehydrogenase (G-6- 
PDH) assay. The 6-phosphogluconic dehy- 
drogenase (6-PGDH) was assayed on super- 
natants obtained by centrifugation at 5000 
times gravity for 10 minutes. Enzyme deter- 
minations were carried out by modification of 
Sobel procedure(5). Measurements were 
made in Beckman DU of rate of change in op- 
tical density at 340 my at one minute inter- 


vals. Assay systems contained TPN or 
DPNH and are described in legends of Tables 
I, ILand III. Protein content of supernatants 
was determined by method of Gornall(6). 

Results. Enzymatic activities (Tables I, 
II and III) were calculated from kinetic data 
obtained during periods when reaction rates 
were linear with time. Assays were termi- 
nated in 5 to 15 minutes. In control experi- 
ments, DPNH and TPNH were stable in so- 
lutions of buffered enzyme equivalent in con- 
centration to those used in assays. In the ab- 
sence of substrate, optical density at 340 mp 
remained constant for periods exceeding the 
time required for assay. 


Enzymatic activities are expressed as p- 
moles of substrate reacting/unit time. Data 
in first column of Tables I, II and III are 
based on actual enzymatic activity contained 
in supernatant protein. Data in second col- 
umn are calculated assuming that no activity 
was lost during centrifugation.t Lehninger 
(9) has pointed out that the aorta is rela- 
tively acellular and that extracellular connec- 
tive tissue contributes little or no metabolic 
activity. We believe that soluble protein of 
aorta provides much more significant basis 
for calculation of enzymatic activity than wet 
weight. This method also tends to make 
measurements independent of mucopolysac- 
charide accumulation, collagen and fibrin de- 
position and calcification characteristic of 
pathologic aortas in these animals(4). 

Part of TPNH, appearing during assay of 
G-6-PDH was due to presence of 6-PGDH in 
the extracts. Some of the 6-phosphogluconate 
formed in G-6-PDH reaction underwent fur- 
ther reaction with excess TPN to produce ad- 
ditional TPNH. Under these conditions ac- 


* This work supported by John A. Hartford Fn., 
Gustavus and Louise Pfeiffer Fn., Am. Heart Assn. 
Andn Usb Elo. 


t No significant differences in LDH, G-6-PDH 
and 6-PGDH could be detected when whole homoge- 
nates were compared to centrifuged preparations. 


ENZYMES OF ARTERIOSCLEROTIC Rat AORTAS 


TABLE il Changes in ‘‘Hexose Monophosphate 
Shunt’ ’* Activity in Extracts of Aortas of Arteric- 
sclerotic Female Sprague-Dawley Rats. 


Ca Enzyme activity ——, 
mmoles TPNH 


produced/g 
soluble pro- 


Gross path- 


wmoles TPNH 
ology and 


produced/g Je 


No. animals tein/min. wet tissue/hr (t test) 
None (6) 42.9 + 4.0t 133.8 + 12.5 

Minimal 38.6 + 1.8 124.8 + 5.8 INES se 
Moderate” = 25.5 + 3.1 91.8 + 11.2 ee ()) 
Severe 32.0 + 3.1 107.4 + 10.4 <..05 


Assay system: 0.1 M Tris buffer, pH 7.4; 1 
NO Sip Wei TI SNS aNe UMA Ss BE Seas i 
glucose-6-phosphate; supernatant from 5% homv- 
genate (.025 ml). Total vol 1 ml. 


* The observed kineties are due to combined ac- 
tion of G-6-PDH and 6-PGDH. 

+ Means + stand. errors. 

¢{ Not significant. 
tivity units in Table I express maximum ca- 
pacity of the 2 linked enzyme systems to pro- 
duce TPNH via “hexose monophosphate 
shunt.” Data of Table III indicate that 
TPNH preduction by 6-PGDH was approxi- 
mately 15 to 20% of the total. Data in Ta- 
ble I show that TPNH production by these 2 
enzymes is significantly less in extracts ob- 
tained from aortas with moderate and severe 
pathology. LDH activity was also signifi- 
cantly decreased in these groups (Tabie II). 
No significant differences were observed in 6- 
PGDH activity of normal and arteriosclerotic 
aortas (Table III). Additional data would 
be required to establish a lack of correlation 
between level of 6-PGDH and presence of 
gross arteriosclerosis. 

Discussion. Increasing gross arterial path- 
ology in repeatedly bred female Sprague-Daw- 
ley rats can be correlated with decreases in 
TABLE II. Changes in Lactic Dehydrogenase Ac- 


tivity in Extracts of Aortas of Arteriosclerotic 
Female Sprague-Dawley Rats. 


——— Enzyme activity 

pmoles DPNH 
Gross path- consumed/g ymoles DPNH 

ology and soluble pro- consumed/g 12 

No. animals tein/min. wet tissue/hr (t test) 
None Co) aise 22 1924 + J14 
Minimal ” 358 + 36 1933) = 194 N.S. 
Moderate ” 288 + 22 1728+ 132 <.03_ 
Severe (5) 253+ 16 1416+ 90 <.005 


Assay system: 0.1 m phosphate buffer, pH 7.3; 
1.2 < 10m DPNH; 4.0 X 10° Mm Na pyruvate; 
supernatant from 5% homogenate (.005-.01 ml). 
Total vol 1 ml. 
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concentration of LDH extracted from homo- 
genates of arterial tissue. Kirk and cowork- 
ers reported differences in mean values for 
LDH activity in normal and arteriosclerotic 
human aortas. They observed that pathologic 
aortas were frequently low in LDH activity 
ess 

TPNH production by combined action of 
G-6-PDH and 6-PGDH is significantly lower 
in preparations obtained from aortas showing 
moderate and severe pathology. Kirk re- 
ported similar observations using human ar- 
teriosclerotic aortas(8). 

In vitro enzymatic reaction rates do not 
necessarily reflect rate limiting processes in 
vivo. Nevertheless, changes observed in py- 
ridine nucleotide linked enzymes could con- 
ceivably affect critical rate limiting processes 
in the intact animal. 


TABLE ITI. Comparison of 6-Phosphogluconic 

Dehydrogenase Activity in Extracts of Aortas of 

Normal and Arteriosclerotic Female Sprague-Daw- 
ley Rats. 


Enzyme activity 
pmoles TPNH 


produced/g ymoles TPNH 
Gross No. soluble pro- produced/g 
pathology animals tein/min. wet tissue/hr 
None 10 (gsi se fee! 40.6 + 4.57 
Arterioscle- 6 8.16 + 1.49 45.7 + 8.34 
rotic* 


Assay system: 2.7 X 10° Mm glycylglycine buffer, 
polal gaye Gl NC AMOS awe Wile OMe. TE SC AO a IMP IN 
4.2 x 10* Mm Na 6-phosphogluconate; supernatant 
from homogenate (.2 ml). Total vol 1 ml. 


* This group includes 3 aortas classified as mint- 
mal, 2 as moderate, and 1 as severe. 

Fatty acid synthesis in liver requires DPNH 
and TPNH and probably occurs mostly in the 
extramitochondrial portion of the cell(10). 
Cholesterol synthesis also is dependent on a 
supply of TPNH. Synthesis of reduced pyri- 
dine nucleotides by “soluble” cytoplasmic en- 
zymes of aorta, e.g., LDH, G-6-PDH and 6- 
PGDH may be a rate limiting factor in re- 
ductive synthesis of fatty acids and choles- 
terol(9,10). In addition, Lehninger suggested 
that decreased LDH activity may be impor- 
tant in processes leading to calcification of the 
aorta(9). 

Enzymatic activities based on tissue wet 
weight in Tables I, II and III can be directly 
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compared with data reported by Kirk(7,8). 
LDH, G-6-PDH and 6-PGDH activities are 
remarkably similar in human and rat aortas. 


Summary. (1) Extracts of arteriosclerotic 
aortas of female Sprague-Dawley breeder rats 
were assayed for lactic dehydrogenase, glu- 
cose-6-phosphate dehydrogenase, and 6-phos- 
phogluconic dehydrogenase. (2) Extracts ob- 
tained from moderately and severely arterio- 
sclerotic aortas contained significantly less 
lactic dehydrogenase than extracts of aortas 
grossly normal or only slightly affected. 
TPNH production by combined action of glu- 
cose-6-phosphate dehydrogenase and 6-phos- 
phogluconic dehydrogenase was significantly 
depressed in extracts from moderately and se- 
verely arteriosclerotic aortas. No significant 
differences were observed in levels of 6-phos- 
phogluconic dehydrogenase. 


POLYANION PRECIPITATION OF 8-LIPOPROTEINS 
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Comparison of Ultracentrifuge and Polyanion Precipitation Methods for 


Serum £-Lipoproteins.*t 


(25927) 


WarRNER H. FLORSHEIM AND CONSTANCE GONZALES 
Long Beach Vet. Hospital and University of California Medical School, Los Angeles 


Isolation of human serum £-lipoproteins by 
precipitation of a complex with polyanions 
has been described by Burstein(1) and con- 
firmed by Oncley(2), Bernfeld(3) and other 
authors. The polyanion precipitation method 
yields an insoluble complex which, in the hu- 
man £-lipoprotein, can be dissociated readily 
(4). It has the advantage of rapid separation 
of 6-lipoproteins from other serum constitu- 
ents. This precludes exchange of lipid com- 
ponents between a and 8 lipoproteins(5) and 
makes possible kinetic studies of -lipopro- 
tein, which previously could not be done pre- 
cisely due to slowness of electrophoretic and 
ultracentrifugal isolation technics. Complete- 
ness of precipitation technic has been checked 
against electrophoretic methods of £-lipopro- 
tein isolation(6), but this comparison seems 


* Supported in part by grant from U.S.P.HS. 
t Technical assistance of S. M. Velcoff is grate- 
fully acknowledged. 


insufficient in view of poor quantitation of 
lipids possible by means of paper electro- 
phoresis(7) and the ease with which mobility 
of B-lipoproteins can be altered by adsorbed 
fatty acid anions(8). We therefore studied 
completeness of precipitation of serum £-lipo- 
proteins by comparison with ultracentrifugal 
lipoprotein analyses(9). We extended this 
study to include a number of animal sera, 
since no adequate evaluation of applicability 
of the precipitation method to sera of common 
laboratory animals has been published. Much 
of published work used dextran sulfate as the 
polyanion, but this compound is not available 
in this country. Mepesulfate, the sodium salt 
of sulfated polygalacturonic acid methyl ester 
methyl glycoside (Hoffmann - LaRoche,) 
whose use was described parenthetically by 
Burstein(4), is the only suitable polysulfo- 
nated macromolecule available at reasonable 
cost. We therefore used it and compared its 


POLYANION PRECIPITATION OF §-LIPOPROTEINS 


action with that of a sample of rice starch sul- 
fate prepared by Drs. T. Ushiyama and a 
Mehl by a slight modification of Grénwall’s 
method(10). 


Methods. Sera were obtained from volun- 
teers or laboratory animals or purchased from 
Colorado Serum Co. They were cooled to 
1°C before use. Rice starch sulfate was used 
at concentration of 1 mg/cc of serum by add- 
ing a saturated solution (10 mg/cc) in saline 
to the serum with constant agitation. Mepe- 
sulfate was used at level of 5 mg/cc of serum, 
and calcium acetate was added to make final 
concentration 0.17 M. Suspensions thus 
formed stood half hour before centrifuging. 
Supernatant was decanted and precipitate 
washed with 0.10 M calcium acetate. The 
precipitate was suspended in saline of density 
1.063, B-lipoproteins isolated by standard ul- 
tracentrifugation technic(9) using Spinco 
Model E preparative ultracentrifuge, and as- 
sayed by Spinco Model L analytical ultracen- 
trifuge. The supernatant solutions were simi- 
larly processed after adjusting them to density 
1.063 with sodium chloride. 


Results. For analysis of 6-lipoproteins of 
human serum, very satisfactory results were 
obtained using either mepesulfate or rice 
starch sulfate as the polyanionic precipitating 
agent. 

Using mepesulfate, 3 human sera were in- 
vestigated, and in 2 of these no £-lipoprotein 
- material could be detected in the supernatant 
remaining after precipitation, while in a third 
only 8% of previous £-lipoprotein level re- 
mained. The precipitate from either method 
was readily soluble in 1.6 M sodium chloride 
(density: 1.063) and lipoproteins could be 
recovered ultracentrifugally unchanged. 

A simple screening test for @-lipoprotein 
levels in patients was devised, based upon 
precipitation of -lipoproteins with mepe- 
sulfate and determination of protein con- 
tent of precipitate with biuret reagent, 
after washing and defatting with dimethoxy- 
methane. Comparison of total cholesterol 
level and this test yielded a correlation coef- 
ficient of 0.76 for 43 sera, indicating that the 
test might be of some value clinically. Corre- 
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TABLE I. Recovery of Lipoproteins from Human 


Serum. 

S; class 0-12 12-20 20-100 100-400 
Whole serum 280mg % 48 77 34 
RSS precipitate 260 29 55 30 
Supernate 6 2 12 10 


lation with other assays for 8-lipoprotein is 
currently in progress. . 


With animal sera rather variable results 
were obtained. Thus, Table II lists complete- 
ness of precipitation as judged from lipopro- 
tein analysis of sera and the supernate from 
precipitation and also the fraction of total 6- 
lipoproteins recovered from the precipitate 
by flotation at density 1.063. 


There appeared no correlation between 
flotation fractions and £-lipoprotein recovery 
after precipitation. The material lost during 
precipitation and dissociation procedure de- 
rived equally from all fractions. 

Discussion. Precipitation of B-lipoproteins 
by either rice starch sulfate or mepesulfate is 
satisfactory with human sera and correlates 
very closely with ultracentrifugal isolation of 
the same fractions. -lipoproteins are readily 
recoverable from the precipitate by dissocia- 
tion of the complex in concentrated NaCl so- 
lution. 

We had better results using mepesulfate as 
precipitating agent. It is easily used at higher 
concentration than rice starch sulfate because 
of greater solubility. With several animal 
sera it gave more complete precipitation of 
B-lipoproteins. It does, however, require ad- 
dition of calcium and therefore cannot be used 


TABLE II. Precipitation of Animal g-Lipopro- 
teins. 
Rice starch sulfate Mepesulfate 
%J pre-  Recover- % pre-  Recover- 

cipitated able cipitated able 
Calf 74 50 62 62 
Cat, 90 40 100 10 
Chicken 42 40 90 
Ferret 99 30 85 
Guinea pig 90 66 100 100 
Horse 80 80 ‘- e 
Man 91 85 98 
Monkey 86 86 100 100 
Mouse 100 83 a ey 
Opossum 66 4 96 
Rabbit 100 39 100 92 
Rat 26 24 4 100 
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with plasma. In the absence of added cal- 
cium no precipitate formed and no changes in 
ultracentrifugal properties of -lipoproteins 
occurred. Rice starch sulfate precipitates hu- 
man -lipoproteins in absence of added cal- 
cium, but for maximal precipitation of several 
animal £-lipoproteins calcium was required. 

Quantitative evaluation of analytical ultra- 
centrifuge patterns is fraught with difficulties 
which combine to cause a sizable error in de- 
terminations, particularly when lipoprotein 
concentrations are either very low or very 
high. Thus, the difference from quantitative 
precipitation values for human sera seen in 
Table I are well within the experimental error 
of the method. 


Summary.  Ultracentrifuge analysis con- 
firms that polyanion-complex precipitation 
method for human serum £#-lipoproteins is 
adequate and does not denature the lipopro- 
teins when either rice starch sulfate or mepe- 
sulfate are used as precipitating agent. The 


Determination of Ceruloplasmin Oxidase in Serum. 


DETERMINATION OF CERULOPLASMIN OXIDASE 


method is applicable to isolation of B-lipopro- 
teins from several but not all species of ani- 
mals. 
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Ceruloplasmin is a copper oxidase which - 
can be determined photometrically by rate of 
oxidation of p-phenylenediamine(1,2,3,4). 
Oxidation of p-phenylenediamine (PPD) by 
serum is catalyzed by serum ceruloplasmin 
and by copper and iron present in serum as 
well as in water and reagents used in the test. 
To determine oxidation due to ceruloplasmin 
alone, it is necessary either to correct for or in- 
hibit catalytic oxidation due to metals. Both 
approaches have been used. In the method 
of Ravin(3) a serum blank is determined in 
which ceruloplasmin is inhibited by azide. In 
methods of Humoller e¢ al.(2) and Broman 
(4), catalytic oxidation by metals is inhibited 
by complexing them with ethylenediamine- 
tetraacetate (EDTA). This paper presents 
(a) a modification of Ravin’s method which 
points out an error in original method, (b) a 
study of various factors which must be con- 


trolled in the procedure, (c) normal values 
obtained with this procedure and (d) results 
of study of validity of methods employing 
EDTA to inhibit metal-catalyzed oxidation 
of PPD) 
Methods. 


Reagents. 1. Acetate buffer, 


0.1 M, pH 6.0. Add 10 ml 0.1 M acetic acid © 


(0.57 ml glacial acid plus water to 100 ml) 
to 200 ml 0.1 M sodium acetate (1.36 g 
CH;COONa * 3H2O/100 ml). pH should be 
5.95-6.00. 2. Sodium azide, 0.1% in acetate 
buffer. pH must be 5.95-6.00. Store in re- 
frigerator. 3. p - Phenylenediamine - 2HCIl, 
0.25% in acetate buffer. Recrystallize com- 
mercial salt as follows: Dissolve in water, add 
Darco charcoal, warm in water bath at 60°C 
with occasional mixing and filter. Add ace- 
tone to filtrate until turbidity appears, re- 
frigerate several hours, filter off PPD - 2HCI 
and dry the crystals in the dark in vacuum 
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FIG. 1. Absorption curves in test for ceruloplas- 
min. Curve 1—blank vs water at 30 min. Curve 2— 
normal serum vs water at 30 min. Curve 3—normal 
serum vs blank. Curve 4— Poutacyl violet 6R, 
0.0159 mg/ml of 0.5% acetic acid, read vs water. 
Perkin-Elmer recording speetrophotometer, model 
4000-A, 

FIG. 2. Effect of azide on substrate oxidation by 


added copper. Curve 1—reagent blank, Curve 2— 
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desiccator over anhydrous CaCls. Store in 
brown bottle. To prepare 0.25% reagent, dis- 
solve 12.5 mg in 3.0 ml acetate buffer and, 
using narrow range pH paper, adjust pH to 
6.0 by adding 1 N NaOH dropwise from 0.2 
ml serologic pipet (approximately 0.1 ml re- 
quired). Add acetate buffer to final volume 
of 5 ml. This reagent can be used to about 
2 hours after preparation if kept in the dark. 
Procedure with Beckman model DU spectro- 
photometer, equipped with thermospacers. 
Compartment temperature kept at 37°C. To 
“blank” cuvet (1 cm light path) add 1 mi 
azide reagent, 1 ml buffer and 1 ml of PPD. 
To “test” cuvet add 2 ml buffer and 1 ml of 
PPD. Place cuvets in compartment and al- 
low 5 minutes for temperature equilibration. 
Add 0.1 ml serum to each tube from a TC pi- 
pet. Read absorbance of “test” against 
“blank” at 530 mp at exactly 10 min. and 
again at 40 min. after addition of serum. The 
unit of ceruloplasmin activity is arbitrarily de- 
fined as increase of 0.001 in absorbance in 30 
min. under our conditions. Calculation: ceru- 
loplasmin units = As39 at 40 min — A530 at 
10 min.) x 1000. Procedure with Klett filter 
photometer. The “test” and “blank” are set 
up in double quantities in matched test tubes. 
Tubes are incubated in water bath at 37°C 
and covered by heavy black cloth to exclude 
light except when tubes are removed at 10 and 
40 minutes for reading with Klett 54 filter. 
An artificial standard of Pontacyl violet 6R 
(Du Pont) is employed. A solution contain- 
ing 15.9 mg of dye/liter of 0.5% acetic acid 
is equivalent to 400 units (units same as ab- 
sorbance units defined above). Calculation: 
Klett reading at 40 min. 


minus 
Klett reading at 10 min. 


Ceruloplasmin = x 400. 


units Klett reading of dye 


standard against water 
Investigation of method. Artificial standard. 
Because of the complicated nature of oxida- 
tion of PPD, a standard cannot be set up with 
this substrate. A dye could not be found 
which had an absorption curve identical to 


reagent blank + azide, Curve 3—scrum, Curve 4—- 
serum + azide. 
FIG. 3. Inhibition of oxidase activity by HDTA. 
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that of PPD oxidized by ceruloplasmin (Fig. 
1). The closest was that of Pontacyl violet 
6R (Fig. 1). The artificial standard is for 
use with Klett 54 filter with Klett photometer 
and was not checked with any other filter 
photometer. Inhibition of ceruloplasmin by 
azide. Experiments in which serum tests were 
run with varying concentrations of sodium 
azide and read against reagent blanks with- 
out serum, revealed that complete inhibition 
of enzyme activity occurred in the range of 
0.008 to 0.016%. Final concentration of so- 
dium azide employed for the blank is 0.032%. 

Destruction of ceruloplasmin at low pH. 
Erratic and spuriously low results were fre- 
quently obtained by original technic of Ravin 
(3) in which serum is mixed with unbuffered, 
unneutralized PPD reagent prior to addition 
of acetate buffer. Variable time of contact 
with this acid reagent (final pH 2.8) resulted 
in variable destruction of oxidase activity. 
In one typical experiment, periods of contact 
of serum with acid PPD reagent of 1 and 10 
minutes prior to addition of buffer, gave ceru- 
loplasmin results 55 and 89% lower, respec- 
tively, than result obtained by mixing serum 
with buffer prior to addition of PPD. This 
apparently constitutes a technical error in 
Ravin’s method which is avoided in the 
method presented by buffering PPD. 


Results. Ascorbic acid concentration and 
the lag phase. Evidence indicates that PPD 
oxidized by ceruloplasmin is again reduced by 
ascorbic acid present in serum until all as- 
corbic acid is used up(5). This produces a 
lag phase in the test which can reach signifi- 
cant proportions. Addition of ascorbic acid 
to serum to a concentration of 20 mg/100 ml 
produced a lag of about 5 minutes, during 
which no increase in absorbance occurred. 
This level of ascorbic acid is considerably 
higher than physiological levels. Study of ap- 
proximately 100 sera by the DU method in 
which absorbance readings were made at 1- 
minute intervals for the first 10 minutes, fol- 
lowed by readings at 10-minute intervals up 
to 60 minutes, revealed that up to 10 minutes 
from zero time was required for rate to in- 
crease to a stable maximum. For this reason 


the rate in our method is determined after 10 
minutes from zero time. 

Effect of light. Catalytic oxidation of PPD 
was increased by exposure to visible light. 
The test, therefore, must be carried out in 
the dark. 

Variation in pH. Rates of enzyme action 
were determined in 2 sera by the DU method 
over pH range of 5 to 7.1 (acetate buffer). 
Rates were calculated from 10 to 30 minute 
interval because of a curious phenomenon. 
At pH 6.0 and higher, the rates, after the lag 
phase, were constant from 10 to 60 minutes. 
At pH 5.8 and lower, however, a decrease in 
rate invariably occurred during 30 to 40 min- 
ute period. In most instances this did not ap- 
pear to be curvilinear, but rather a sudden 
change to a lower but constant rate. Oxidase 
activity had a fairly sharp maximum at pH 
6.0 with about 15% decrease at pH 5.5 and 
25% at 6.5. The buffer has sufficient capa- 
city to keep the increase in pH upon addition 
of even aged serum to within 0.05 pH unit of 
buffer pH. Optimal pH has been reported 
previously to be 5.5(6), between 6 and 7(1), 
between 5.5 and 6.0(2) and 6.0(7). 

Effect of temperature. Activities of 2 sera 
were studied at 22, 32, 37 and 45°C by the 
DU method. Arrhenius plots of log of activ- 
ity against reciprocals of absolute temperature 
gave straight lines with slopes of —3700. This 
gives an activation energy p» of 17,000 calor- 
ies/mole and a Qi» between 30-and 40°C of 
2.45. 

Precision. Reproducibility of the method 
(95% limits) calculated from 4 sets of 6 
replicates on normal sera was + 4.5% (Klett 
method). 

Normal values. Determinations (DU 
method) were made on 20 normal adult males 
and 20 normal adult females. There was no 
significant sex difference (t test, P>0.05) 
so values were pooled. The 95% normal lim- 
its determined by the “normal equivalent de- 
viate method”’(8), without log transformation 
of data, were 280 to 570 units (mean 425 
units). 

Stability of serum. Stability of 6 normal 
sera was studied at 25°C, at 4°C and in the 
frozen state. At 25°, 4 sera deteriorated up to 
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15% within 24 hours. The other 2 showed 
no significant decrease in 2 days. No change 
was observed at 4° within 2 days or in the 
frozen state within 2 weeks. Stability at 4° 
and in the frozen state has been reported pre- 
viously (3,9,10). 

The effect of ethylenediaminetetraacetate 
(EDTA). Experiments were performed by 
“Klett photometer method.” Fig. 2 shows 
the effect of copper added as cupric sulfate to 
reagent blanks without azide (curve 1) and 
with azide (curve 2) and to serum tests with- 
out azide (curve 3) and with azide (curve 4). 
Points are averages of 4 experiments, ordi- 
nates are increase in Klett readings made 
against water from 10 to 30 minutes after 
start of reaction, and abscissae are pg of cop- 
per added to 6.2 ml of test solution. Azide 
had a measurable, but practically insignifi- 
cant, effect on copper-catalyzed oxidation of 
substrate. In serum tests azide inhibited en- 
zymatic oxidation but had no significant ef- 
fect on copper catalysis. The shape of re- 
agent blank curves is different from that of 
serum test curves and, without added copper, 
oxidation rate in reagent blanks is much 
higher than in tests with serum plus azide. 
These effects are probably due to binding of 
free copper by serum proteins other than 
ceruloplasmin(11,12). Addition of EDTA to 
final concentration of 0.2 mM decreased Klett 
units in all reagents blanks of Fig. 2 to less 
than 6 and in all tests containing serum and 
azide to less than 18. Iron added as ferric 
chloride to reagent blanks showed one-twenti- 
eth or less the catalytic activity of cupric ions. 
Azide had no effect on ferric ion activity and, 
furthermore, as _ previously reported(4), 
EDTA was without effect. ‘‘Blanks” without 
added copper or iron showed significant oxida- 
tion of substrate (Fig. 2). Analysis after 
wet ashing(13) indicated that copper content 
of a reagent blank including azide was less 
than 0.017 pg/ml. Normally, serum con- 
tains about 100 pg of copper/100 ml up to 10 
wg of which is loosely-bound, non-ceruloplas- 
min copper(14,15,16). Use of such a serum 
in the test for ceruloplasmin adds only 0.0033 
pg of copper/ml of test solution. 

The effect of EDTA (disodium salt) on 
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test for ceruloplasmin is shown in Fig. 3. 
Points are averages of 4 experiments. EDTA 
was added to both “blanks” and “tests” and 
“tests” were read against “blanks.” The % 
inhibition was calculated from increases in 
Klett readings from 10 to 40 minutes after 
start of reaction. Inhibition appeared to ap- 
proach a maximum of about 20%. The 
effect of EDTA was preponderantly on rate 
of color development in the “test,” not the 
“blank,” indicating an actual inhibition of 
enzymatic activity. To obtain an apparent 
inhibition, there would have to be either lower 
rates in the “test,” higher rates in the “blank” 
or both. Addition of EDTA produced lower 
“blanks.” 

Discussion. Humoller et al.(2) used EDTA 
in final concentration of 0.17 mM (log (mM 
x 10°) = 4.23) and read the test against a 
water blank. They obtained lower results 
with EDTA than without it but assumed that 
this was due solely to chelation of free metals 
present. Broman(4) employed EDTA in the 
same manner. He stated that EDTA was 
used in a final concentration of 4 x 10° M 
and presented data indicating no inhibition of 
purified ceruloplasmin at this concentration. 
Recalculation from Broman’s description of 
his method, however, indicates that final con- 
centration actually was 4.47 x 10+ M, at 
which concentration his data indicated inhibi- 
tion. 

Our experiments led to the following con- 
clusions: (a) reading color produced by se- 
rum oxidase activity on PPD against a serum 
blank containing azide is a valid measure of 
enzymatic oxidase activity of serum; (b) 
EDTA successfully inhibits catalytic oxida- 
tion of substrate by copper, presumably the 
predominant non-enzymatic catalyst present, 
but also produces significant inhibition of en- 
zymatic oxidase activity of serum. It is not 
known whether EDTA forms a complex with 
ceruloplasmin through its copper, whether it 
successfully removes copper from ceruloplas- 
min, thus leading to inactivation, or whether 
inhibition is a nonspecific polyvalent ion ef- 
fect(7). It has been shown that copper can 
be dissociated from ceruloplasmin under cer- 
tain conditions(5,18,19). It is also not clear 
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why only about 20% inhibition of serum oxi- 
dase activity could be obtained with EDTA. 
Presence of 2 ceruloplasmins has been demon- 
strated in serum(4) and it may be that one 
is much more resistant to EDTA than the 
other. 

Summary. A method for determination of 
ceruloplasmin in serum is presented in which 
rate of oxidation of p-phenylenediamine is 
measured spectrophotometrically or photo- 
metrically. Correction for catalytic oxidation 
by free metals present is made by reading the 
test against a serum blank in which enzymatic 
activity is inhibited by azide. The effects of 
pH and temperature on the reaction have been 
investigated and normal values obtained by 
cur method.  Ethylenediaminetetraacetate 
significantly inhibits enzymatic oxidase activ- 
ity of serum. 
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Uptake of Glycine-1-C'* by Connective Tissue. III. Effects of Adrenal 


Hormones and Aging.* 
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Hans Kosiet AND Epwarp H. FRIEDEN (Introduced by P. Bernfeld) 
Arthur G. Rotch Lab., Boston Dispensary, Boston, Mass. 


Changes in connective tissue constituents in 
response to administration of adrenal cortical 
hormones have been described many times. 
Histological studies have afforded evidence for 
their involvement in metabolism of skin con- 
nective tissue and granulation tissue of a num- 
ber of species of animals(1,2,3,4). Metabolic 
and chemical studies, including those employ- 
ing tracers, support the conclusion that gluco- 


* Supported by research grants from Nat. Inst. 
Health, U.S.P.H.S., Bethesda, Md. For paper II in 
this series, see Frieden, E. H., Endocrinol., 1956, v59, 
69. 


corticoids inhibit formation of connective tis- 
sue components, especially those of the 
ground substance(5,6,7). However, the ex- 
tent to which these hormones influence me- 
tabolism of the collagenous components of 
connective tissue is uncertain. Perrone(8) 
was unable to demonstrate an effect of corti- 
sone upon incorporation of labeled glycine 
into the collagen of rat skin. Robertson and 
Sanborn (9), however, found that cortisone re- 
duced (and adrenalectomy increased) colla- 
gen concentration in carrageenin granulomas 
in guinea pigs. Like the carrageenin granu- 
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loma method, the sponge-biopsy technic in- 
troduced by Boucek(10) offers a means of 
studying connective tissue metabolism in a 
relatively uncomplicated system. The effects 
of adrenal cortical hormones upon incorpora- 
tion of labeled glycine into sponge biopsy pro- 
teins are here described. 

Methods. Female Sprague-Dawley rats 
were used. Unless otherwise stated, the ani- 
mals were 4 months old and weighed about 
200 g at beginning of experiment. The tech- 
nic of sponge implantation was essentially 
that described by Boucek: Washed Ivalon 
sponges, measuring 2 x 2 x 1 cm, were dried 
at 100° for 4 hours, weighed, and moistened 
with sterile saline solution immediately be- 
fore use. Two sponges were implanted under 
the skin of the back of each animal. In some 
animals adrenals were removed by the lumbar 
approach immediately before implanting the 
sponge. All animals received a stock diet and 
water ad libitum. Adrenalectomized animals 
received, in addition, 1.5% sodium chloride 
solution. Treated animals received hydrocor- 
tisone (0.1 ml daily of a suspension containing 
10 mg/ml in sesame oil) beginning on 10th 
day after implantation of the sponge. On the 
fourteenth day,t 4 pC of labeled glycine? 
in 0.4 ml distilled water was injected intra- 
peritoneally. The first sponge was removed 
after 6 hours; 18 hours later, the animals 
were killed and the second sponge, along with 
small samples of kidney, liver, spleen, and 
skin, was removed and weighed; after minc- 
ing or homogenizing, duplicate samples were 
fractionated into water-soluble and alkali- 
soluble fractions as previously described(11). 
Proteins in each fraction were precipitated 3 
times by addition of TCA to 5%, washed 
twice with acetone, once each with ethanol: 
chloroform:ether (2:1:1) and benzene, and 
finally plated from benzene on tared alumi- 
num planchets. The alkali-insoluble residue 
from each tissue sample was suspended in 5 
ml water and autoclaved overnight at 15 lb 


t Preliminary studies indicated that adequate in- 
filtration of sponge by connective tissue occurred 
after 2 weeks. 

t Glycine-1-C14, specific activity 3.4 mC/mM ob- 
tained from New England Nuclear Corp. 
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FIG. 1. (Left) Specific activities of proteim 
fractions obtained from sponges removed 6 hr 
after inj. of labeled glycine (4 wC) into control 
and treated animals. (Right) Specific activities of 
protein fractions from sponge connective tissue and 
liver samples removed 24 hr after inj. of labeled 
glycine into untreated animals. Each bar repre- 
sents avg for No. of animals indicated above it. 

FIG. 2. Specifie activities of protein fractions 
obtained from sponges removed 6 hr (left) and 24 
hr (right) after inj. of labeled glycine (4 wC/200 ¢ 
body wt) into rats of various ages. Each bar is 
avg for No. of animals indicated above it. 


pressure. The resulting gelatin solution was 
separated from any insoluble material and 
evaporated to a volume of 1 ml. Part of the 
solution was plated for counting; that the 
residue consisted entirely of gelatin, was con- 
firmed by nitrogen and hydroxyproline deter- 
minations on aliquots of the solution. All 
samples were counted for a period long enough 
to assure precision of 5% or better; data are 
recorded as CPM/mg protein, corrected for 
self-absorption to a sample density of 5 mg/ 
cmc 

Results. The extent of incorporation of la- 
beled glycine during 6 hours into proteins of 
sponge-biopsy connective tissue is shown in 
the left half of Fig. 1 for 4 groups of animals 
(untreated controls, hydrocortisone-treated 
non-adrenalectomized animals, untreated 
adrenalectomized animals, and adrenalecto- 
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mized animals which had received hydrocorti- 
sone). In the right half of Fig. 1, data after 
24 hours for sponge proteins of untreated ani- 
mals are compared with those for liver after 
the same period of time. It is apparent that 
uptake of glycine by connective tissue pro- 
teins of the sponge, including collagen, is quite 
rapid; specific activities, after 24 hours, ap- 
proximate those for liver protein. 

Neither adrenalectomy, nor administration 
of hydrocortisone, nor a combination of the 2 
procedures was found to affect significantly 
incorporation of glycine into water-soluble 
sponge proteins during 6 hours (Fig. 1, left). 
Uptake of glycine by alkali-soluble sponge 
protein during 6 hours was significantly (p = 
0.01) enhanced in adrenalectomized animals, 
but in neither of the other groups. Although 
specific activities of collagen fractions ob- 
tained from adrenalectomized (or adrenal- 
ectomized + hydrocortisone-treated) animals 
were considerably higher than from controls, 
the variations encountered make the differ- 
ences of doubtful significance (p = 0.04 — 
On); 


Data for sponges removed after 24 hours 
showed no effect of adrenalectomy or hydro- 


cortisone treatment, whether comparisons 
were drawn between specific activities of the 
various samples (p = 0.1 or larger) or be- 


tween ratios of activity of sponge protein to 
that of the corresponding liver fraction. 

Neuberger and Perrone(12) found that la- 
beled glycine was incorporated much more 
rapidly into tendon collagen of young rats 
than into that of older animals. It seemed of 
interest, therefore, to study the effect of age of 
the animal upon incorporation into sponge 
proteins. Accordingly, incorporation of gly- 
cine-1-C/* into sponge proteins of rats aged 5 
weeks, 6 months, and 1 year was determined. 
Experimental details were as in previous ex- 
periments, except that amount of glycine in- 
jected was adjusted to 4.0 »C/200 g body 
weight. Data for all 4 groups are included in 
Ieifee. Z. 

Discussion. Our data offer no evidence for 
a significant inhibitory effect of hydrocorti- 
sone upon incorporation of labeled glycine 
into collagen of sponge biopsy connective tis- 
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sue and thus are consistent with Perrone’s 

The discrepancy between — 
our data and those of Robertson and Sanborn | 
(9) may be more apparent than real, since an — 
effect sufficient to reduce collagen content of | 


data for skin(8). 


the granuloma by 20% over a period of 14 


days might easily escape detection in our ex- | 
It may be concluded that effects | 
of adrenal glucocorticoids upon connective tis- _ 
sues are mediated principally through effects — 
Thus, the observa- . 


periments. 


upon ground substance. 
tion by Sobel e¢ al.(7) that cortisone adminis- 
tration significantly reduced hexoseamine: 
collagen ratios in skin and other tissues of rats 
may be explained by a reduction in hexose- 


amine-containing mucopolysaccharides, with- — 


out a concomitant change in collagen content. 


The most interesting finding in these ex- 
periments relates to the effect of host age 
upon glycine incorporation into sponge pro- 
teins. There appears to be a steady decrease 
in rate at which glycine is incorporated from 
1 month to 1 year of age (Fig. 2). This effect 
is not confined to collagen, but involves the 
water and alkali-soluble fractions as well. 


This fact, as well as the fact that all sponges — 


had been in place for the same length of time 
before administering labeled glycine, indicates 
that the results cannot be due to dilution by 
metabolically inert collagen present in larger 
amounts in sponges taken from older animals. 

Several possible explanations might be ad- 
vanced to explain the observation of lowered 
glycine uptake by sponge proteins in older 
animals. Of these, the most likely would ap- 
pear to be (a) lowered metabolic activity by 
connective tissue-forming cells of the host, or 
(b) diminished availability of substrate as a 
result, for example, of decreased fluid ex- 
change between sponge and peripheral circu- 
lation. A decision between these alternatives 
might be made on the basis of im vitro studies 
of rate of amino acid incorporation into 
sponge-biopsy slices from animals of various 
ages. 

Summary. When glycine-1-C™ is injected 
into rats bearing Ivaion sponges implanted 2 
weeks previously, significant radioactivity is 
found in the various protein fractions (includ- 
ing collagen) of the sponge connective tissue 
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after 6 hours. Adrenalectomy at the time of 
implantation exerted some influence upon the 
extent of incorporation into some of the frac- 
tions, but administration of hydrocortisone 
for 2 days to either intact or adrenalectomized 
animals had no effect. When studies of gly- 
cine uptake by sponge-biopsy connective tis- 
sue proteins were made in rats of various ages, 
a steady decrease in rate of incorporation into 
all fractions was observed as age of the host 
increased from one month to one year. 
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Failure of Hypophysectomy, Adrenalectomy or Thyroidectomy to Affect 


Response of Non-Esterified Fatty Acids to Fasting. 
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H. P. BARRos BARRETO AND LILLIAN RECANT (Introduced by A. B. Eisenstein) 
Dept. of Preventive Medicine, Washington University School of Medicine, St. Louis, Mo. 


Recent investigations focused attention 
upon the role of non-esterified fatty acids 
(NEFA) in energy metabolism. As a conse- 
quence of rapid turnover of this fat fraction, 
a flexible source of energy is made available 
to the organism(1). The plasma level of 
NEFA appears to be the resultant of rates of 
release from adipose tissue and rates of subse- 
quent transport and utilization. The mechan- 
isms which control NEFA release are imper- 
fectly understood, though hormonal control 
and dietary factors have been implicated. In- 
sulin inhibits(2) while  epinephrine(3), 
growth hormone (G.H.)(4), and adrenocor- 
ticotropic hormone (ACTH) (5) accelerate re- 
lease of NEFA from adipose tissue. All these 
substances are active im vitro when incubated 
with epididymal fat pads. Except for ACTH, 
they have also been demonstrated active in 
the intact animal. Dietary factors also influ- 
ence plasma NEFA levels. Prolonged fasting 
results in increased levels which are decreased 
again following carbohydrate meal(6,2). In 


addition, increased in vitro release noted in 
adipose tissue obtained from fasting rats is 
decreased by adrenalectomy or hypophysec- 
tomy(7,4). These observations suggested 
that response of NEFA to diet is dependent 
upon hormonal control. The present study 
was undertaken to delineate the role of cer- 
tain hormonal factors on im vivo response of 
plasma NEFA to fasting. 

Materials and methods. Sprague-Dawley 
rats weighing 150-200 g were used. Hypo- 
physectomized rats were obtained from Hor- 
mone Assay Lab. Purina chow diet and bread 
supplements were provided. Studies were per- 
formed approximately 2 weeks following sur- 
gery. Adrenalectomy and thyroidectomy were 
performed under ether anesthesia. Sham op- 
eration, simulating adrenalectomy was also 
performed. Animals were studied 5-8 days 
after operation. Adrenalectomized rats re- 
ceived 1% saline in place of drinking water. 
All animals, unless otherwise stated, were fed 
standard Purina chow and provided water ad 
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TABLE I. Response of Plasma NEFA to Fasting. 


Animal 
prepara- 


tion No. Fed ad lib No. 16° fasted 
Normal 41 380 +18.0* 11 957.5 + 54.8 
Controls 13 320 
Sham- 5 BaD 
operated 
Hypophysec- 11 186.5 + 16.2 8 744.8 + 21.9 
tomized 
Adrenalee- 10 226.8 + 16.1 10 698.3 + 38.3 
tomized 
Thyroidec- 12 190.38 + 27.1 12 674.8 + 31.0 
tomized 
* NEFA in veq/] + S.E.M. 
lib. Animals were ultimately sacrificed by 


decapitation. Blood was collected in hepari- 
nized tubes and centrifuged immediately at 
4°C. NEFA was determined by adaptation 
of Dole’s method(2) using 0.2 ml aliquots of 
plasma. Determinations were done in dupli- 
cate or triplicate. 

Results. NEFA response to fasting. Forty- 
cne normal rats, provided with food ad lib., 
were sacrificed at various times during the 
day, to determine whether diurnal variation 
in NEFA occurs in rats. No significant dif- 
ference in NEFA levels was found in rats 
killed between 8 a. m. and 3 p.m. An aver- 
age figure of 380.5 neq/l + 18.0* was taken 
as normal plasma value for rats fed ad lib. 
The effect of varying periods of fasting was 
tested in 29 rats. Eleven animals fasted over- 
night for 16 hours, showed a mean value of 
957.5 weq/l + 54.8. Three groups of 6 rats, 
fasted for 24, 48, and 72 hours respectively, 
showed the following NEFA levels: 846.0, 
749.8 and 1004.3 peq/l. Because of the 
highly significant difference in NEFA levels 
at 16 hours of fasting between fed and fasted 
groups (p<.001) this period of fast was 
chosen for study in various endocrine prepara- 
tions which follow. 

The effect of sham surgery hypophysec- 
tomy, adrenalectomy and thyroidectomy was 
studied. The results may be seen in Table I. 

Examination of data by method of analysis 
of variance revealed that overall effect of fast- 
ing in all groups tested is highly significant 
(p<.001). In fasting groups, normal plasma 


* Standard error of mean. 
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NEFA is significantly higher than that in 3 
treatment groups (p<.001) but the differ- 
ences among the treatment groups are not 
significant. In feeding experiments, normal 
levels are significantly higher than those in 
treatment groups, though no differences exist 
among the treatments. No differences could 
be found in response to fasting in treatment 
groups as compared with normal. 


Discussion. Our data demonstrate that hy- 
pophysectomy, adrenalectomy, or thyroidec- 
tomy results in significantly lower than nor- 
mal plasma NEFA levels whether animals are 
fed or fasted. Despite the lower level in the 
fed state, the rise in plasma NEFA after fast- 
ing is of the same absolute order of magnitude 
as in normal animals. There was an absolute 
rise of 577 weq/] in normal compared with 
558, 471, and 485 peq/] in 3 treatment groups. 
The per cent rise in treatment groups was sig- 
nificantly greater than in normal. Sham op- 
eration had no effect on NEFA levels. 


These observations suggest that lower 
NEFA levels in endocrine operated animals 
are the result of deficiencies of hormonal fac- 
tors. The rise in NEFA with fasting appears 
independent of pituitary, adrenal, or thyroid 
control. 

It is reasonable that deficiency of G.H. and 
other pituitary trophic hormones such as 
ACTH and TSH which accelerate NEFA re- 
lease might result in a lower level of plasma 
NEFA in hypophysectomized rats. In the 
thyroidectomized group, absence of thyroid 
hormone could explain a low NEFA level 
since thyroidectomy results in decreased pitui- 
tary G.H.(8), an impaired NEFA response 
to epinephrine(9), and thyrotoxic individuals 
show elevated NEFA levels(10). The effect 
of adrenalectomy is more difficult to explain 
in view of the probability that there is an in- 
crease in ACTH which accompanies this op- 
eration which might increase NEFA levels. 
Absence of adrenal steroids does not appear 
to account for low NEFA levels (unpublished 
observation) although absence of the adrenal 
medulla may be significant. 

It is possible that normal NEFA response 
to fasting is due to the fact that decreased in- 
sulin secretion occurs with fasting. This may 
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then be reflected in decreased utilization of 
glucose by adipose tissue with subsequent in- 
crease in NEFA release. This series of 
changes may be independent of extra-pancre- 
atic hormonal control. 


Summary. There is no evidence of diurnal 
variation of plasma NEFA levels in rats. Hy- 
pophysectomized, adrenalectomized and thy- 
roidectomized animals show _ significantly 
lower plasma NEFA values than normal rats 
either when food is provided ad lib. or after 
fasting. After 16 hour fast, both normal and 
operated rats show marked increase in plasma 
NEFA levels. It is probable that the mechan- 
ism involved in NEFA response to fasting is 
not controlled by pituitary, thyroid or 
adrenal hormones. 
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Method for Determination of Phenylalanine Mustard and Related 


Alkylating Agents in Blood.* 
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Oveta Kratt, A. C. GRIFFIN AND JOHN S. STEHLIN, JR. 
Depts. of Biochemistry and of Surgery, University of Texas M. D. Anderson Hospital and 
Tumor Inst., Houston 


The growing interest in regional chemothe- 
rapy by perfusion wherein high concentrations 
of cytotoxic agents are employed makes it 
desirable to study reaction sites and persis- 
tence of these compounds in blood. A colori- 
metric procedure for p-di-(2-chloroethyl)- 
phenylalaninet (PAM) and related alkylating 
agents in blood has been adapted from pro- 
cedure described by Epstein(1) for estimation 
of alkylating agents in water and non-aqueous 
solvents with nitrobenzylpyridine (NBP). 
Optimal conditions for determination of PAM 
were established and the revised procedure 
was also used for determination of HN2 and 
5-(bis(2-chloroethyl)amino) uracilt = (U- 
8344). The results of these im vitro studies 
on colorimetric estimation of these alkylating 
agents in the presence of blood are described. 


* This work supported by grant from Nat. Cancer 
Inst. 

t This compound ebtained through generosity of 
Dr. Geerge Hitchings, Burroughs Wellcome and Co. 

+ Kindly supplied by Dr. Hal Petering, Upjohn Co. 


Methods. Heparinized human blood with 
added PAM was incubated at 37°C in a 
water bath. Aliquots were withdrawn at in- 
tervals, centrifuged, and the plasma collected. 
It was noted that blood samples containing 
PAM could be kept at ice bath temperature 
for at least 3 hours without loss of color re- 
activity. Solutions of PAM containing less 
than 1 mg/ml were made in physiological sa- 
line. More concentrated solutions were made 
with propylene glycol and saline or with a 
25% solution of ethanol in saline. In each 
case a slurry was made of the PAM with a 
few drops of the first named solvent before 
the major portion of solvent was added. The 
mixture was warmed to 40°C in water bath to 
complete solution, then diluted to final vol- 
ume. HN2 (Mustargen, Merck Sharp & 
Dohme) was dissolved in water and diluted 
with saline. U-8344 was dissolved and di- 
luted in 25% ethanol in saline. The reagents 
used for color determination were: y-(4-nitro- 
benzyl) pyridine, 5% in methyl ethyl ketone, 
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FIG. 1. Standard curves obtained by addition of 
NBP to alkylating drugs, PAM, HN2 or U-8344. 

FIG. 2. Reaction of PAM, HN2 and U-8344 
with blood as measured by color reaction with 
NBP. Concentration: 0.2 ,mole/ml. 

FIG. 3. Loss of reactive PAM from perfusion 
system as measured by color reaction with NBP. 
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triethylamine, 50% in acetone, and acetic 
acid, 5%. Stock solutions of PAM were 
made up in saline by diluting accurately 
weighed quantities in volumetric flasks. Ali- 
quots were further diluted to make stock so- 
lutions to contain 0 to 0.2 pmoles/ml. One 
ml samples of plasma were pipetted into 12 
ml centrifuge tubes followed by addition of 
0.1 ml acetic acid, 2.9 ml distilled water and 
0.5 ml of NBP reagent. Each tube was 
shaken vigorously, covered with small short- 
stemmed funnel, and heated 15 minutes in 
80°C water bath. Tubes were then cooled in 
ice bath and centrifuged. Two ml of super- 
natant layer were transferred to a cuvette. 
Two ml of triethylamine color reagent were 
added and the sample read immediately in 
Bausch and Lomb Spectronic 20 colorimeter 
at 565 my» employing a water blank. Ab- 
sorbance of a reagent blank was determined 
as above and subtracted from that of sample. 
Amount of PAM was determined by compar- 
ing with a curve (Fig. 1) prepared by using 
standard PAM solutions in plasma in above 
procedure. The purple color formed by the 
reaction between PAM and NBP had a maxi- 
mum absorbance of 562 my». For maximum 
color the reaction mixture should be between 
pH 4.5 and pH 5.0 before heating. The pH 
was adjusted with acetic acid. For compari- 
son of samples, reaction mixtures should have 
identical pH values. The 80°C temperature 
was adopted in preference to boiling water be- 
cause it caused less bumping of material in 
the reaction tube and prevented loss of sam- 
ple. After heating and centrifugation, sam- 
ples can be kept at room temperature for at 
least 1 hour without loss of color. However, 
measurement of absorbance immediately after 
addition of color reagent is imperative, as the 
color fades on standing. If conditions of pro- 
cedure are maintained good reproducibility of 
absorbances is obtained. 

Results. PAM was added to blood and 
color determinations were made at intervals 
(Fig. 2). A decrease of color reaction indi- 


I. Control. PAM in heparinized blood incubated 
im vitro at 37°C. IT and III. PAM in perfusion 
systems in patients wherein leakage was minimal. 
IV and V. PAM in perfusion systems in patients 
wherein leakage was from 25% to 30%. 
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cated that PAM reacted with a component or 
components of blood and was then not avail- 
able for color reaction with NBP. That the 
colored material was formed with biologically 
active PAM was indicated by experiments 
with mice and dogs (unpublished) in which 
PAM was dissolved in animal’s blood and re- 
injected at intervals. White blood cell count 
depression decreased with decrease of colored 
material formed. 

The reaction of PAM, HN2, and U-8344 
with blood in concentrations and at conditions 
comparable to those in the perfusion system 
as measured by color reaction is given in Fig. 
2. These results show that PAM and HN2, 
2 agents currently used in perfusions, react 
with blood at different rates and persist in 
blood for different periods of time, while U- 
8344 reacts at a rate similar to that of PAM. 

Loss of color reactive PAM from blood of 
a perfusion system may be attributed to PAM 
which reacted with blood of the system and 
with tissues of perfused part plus amount lost 
via leakage into the general circulation (Fig. 
3). The loss due to reaction with blood was 
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rapid for about 15 minutes, then proceeded at 
a steady rate. In a perfusion system when 
PAM reacted with both blood and tissues the 
initial loss was greater, but the general pattern 
was maintained when leakage was less than 
5%. When leakage was of the order of 25% 
the pattern changed. The color reaction 5 
minutes after addition of PAM to the system 
(5 minutes are required for thorough mixing) 
corresponds to less than total amount injected. 
Therefore, when percentage of color reactive 
PAM lost from the perfusion system was cal- 
culated from residual percentage (Fig. 3,V) 
it was actually greater than the 70% indicated 
by the graph. 

Summary. A procedure for estimation of 
PAM and related alkylating agents in blood 
by its reaction with NBP is given. This pro- 
cedure is applicable for study of the reaction 
with and persistence in blood of these agents 
in vitro and in perfusion systems. 


1. Epstein, J., Rosenthan, R. W., Ess, R. J., Anal. 
Chem., 1955, v27, 1435. 
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Vaginal isografts in female mice respond 
normally to both intrinsic and extrinsic estro- 
gens, although response is less regular than 
that of the intact organ(1). Similar isografts 
in male mice show cornification in response to 
extrinsic estrogens and mucification in re- 
sponse to intrinsic androgens(2,3). In cas- 
trated male mice bearing ovarian transplants, 
cornification of vaginal grafts occurred but 
cyclic activity was not demonstrated. In fe- 
males, similarly prepared, however, cyclic 
changes have been described(3). Ovarian iso- 
grafts in castrated female mice or rats show 
cyclic formation of vesicular and luteinized 
follicles but do not do so in intact or castrated 


* This work was supported by a Research Grant 
from Nat, Cancer. Inst. U)-S: Dept. of H. E. & W. 


males(4,5). The following report concerns 
our observations on periods of estrus in vagi- 
nal epithelium transplanted to castrated male 
mice bearing ovarian isografts. 


Material and methods. Intact vaginas, re- 
moved from 16- to 20-day-old strain A female 
mice, were transplanted into 6 groups of hosts, 
each consisting of 8 male strain A mice 2 to 
4 months old (Table I). Three of these 
groups (1,II,III) were castrated at the same 
time and 2 of them (I,II) received bilateral 
intraocular isografts of one-eighth of an adult 
ovary from mice 2 to 4 months old, 5 to 6 
weeks later. Identical ovarian transplants 
were made into one (IV) of the 3 non-cas- 
trated groups (IV, V, VI). All vaginal grafts 
were fistulated so that smears of exfoliated 


632 
TABLE I. Mean Diameters of Vaginal Isografis 
before and after Estrogen Administration (If Any) 
to Castrated and Intact Male Mice with or without 
Ovarian Transplants. 
Vaginal Vaginal 
diameter diameter 
before Wkof single after 
estrogen, estrogen estrogen, 
Exp. group mn) dose admin. mm 
I Cast.; ovary 9 
IL Idem 9 12 9 
[II Cast. 5 14, 15, 16 th 
IV Intact; ovary 3 10, 11 6 
V_ Intact 6 
Wall are 6 8,9, 10, 11, 12 9 


cells could be obtained (by lavage); such 
smears were examined for 8 to 14 consecutive 
days upon 3 to 5 occasions, between 11th and 
30th weeks after vaginal transplantation. 
Twenty months after original experiment, ex- 
perimental groups I, III, IV and V were dupli- 
cated and vaginal smears taken at same inter- 
vals for 17 to 56 consecutive days. At begin- 
ning of each series of examinations contents 
of the fistulated grafts were washed with buf- 
fered sterile saline. Representative vaginal 
grafts were removed for histological prepara- 
tion in 19th or 20th week. All animals, ex- 
cept those in Groups I and V, were given sub- 
cutaneously from 1 to 5 weekly standard doses 
of 0.025 mg of estradiel dipropionate in se- 
same oil. This was done not only to determine 
effects of extrinsic estrogen upon size of vagi- 
nal grafts but to enlarge size of graft to facili- 
tate preparation of satisfactory smears. The 
last dose of estrogen was administered during 
the week before grafts were prepared for tak- 
ing vaginal smears, except in Group III where 
the last dose was given during week that 
preparations for smears were made. 

Results. Ovarian transplants. In castrated 
males (I, Il) the intraocular ovarian trans- 
plants, by the end of first month, occupied 
approximately half of the anterior chambers. 
Thereafter, rate of growth was retarded and, 
by the end of week 12, transplants occupied 
70 to 90% of anterior chambers. They ex- 
hibited vesicular, cystic and hemorrhagic fol- 
licles, but, as hitherto reported(5), did not 
develop corpora lutea. In intact males (IV), 
intraocular transplants attained their maximal 
growth by end of first month, when they oc- 
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cupied 20 to 30% of anterior chambers. They, 
too, showed vesicular follicles regularly, and 
hemorrhagic follicles occasionally. 


Vaginal transplant growth. By end of 12th 
week, vaginal transplants had attained mean 
diameters shown in Table I. Estrogen admin- 
istration did not affect transplant size in cas- 
trated males bearing ovarian transplants but 
did cause moderate enlargement in castrated 
and intact males and marked enlargement in 
intact males bearing ovarian transplants. All 
vaginal transplants diminished in size during 
daily smearing procedures. Subsequently, with 
healing of fistulas prepared to allow smear 
sampling, vaginal grafts in castrated males 
bearing ovarian transplants (J, II) continued 
to dilate, reaching a diameter of over 4 cm by 
end of one year. 


Vaginal histology and exfoliation. Cas- 
trated males with ovarian transplants (1) had 
proestrous smears during weeks 11 and 12. In 
some animals one or 2 phases of estrus (with 
diestrus between them) occurred following 
weeks 15 and 16; in others a proestrous smear 
was found at the same period but similar es- 
trous phases occurred following weeks 19 and 
20. From 8 to 14 days elapsed between be- 
ginning of 2 successive estrous states; full 
vaginal estrus itself occupied 2 to 6 days. In 
either case, smears had returned to proestrous 
(or occasionally the diestrous) phase a month 
later and remained so until week 30 when 
daily smearing was discontinued. In animals 
(II) that received estrogen at week 12, smears 
were of the estrous type at weeks 13 and 14 
but reverted to proestrus and showed 1 or 2 
estrous phases following weeks 15 and 16. 
Estrogen, in a single standard dose, was given 
to duplicate group I of castrated males with 
ovarian transplants after their reversion to 
proestrus or diestrus following single or re- 
peated estrous phases. A single long period 
of estrus (22 to 28 days from one proestrus 
to the next; 1 to 17 days of full vaginal es- 
trus) followed this administration with rever- 
sion to continuous proestrous state. 

Histologically, vaginal transplants in these 
groups showed a typically stratified squamous 
epithelium with 10 to 12 layers of cells (Fig. 
1) and a graft content of keratinized layers 


VAGINAL IsoGRAFTS IN Mate MIcE 


os 


Vaginal isografts in various types of male hosts, 
x 218. 


FIG. 1. Castrated male bearing ovarian trans- 
plauts. 

FIG. 2. Castrated male without ovarian trans- 
plants. 

FIG. 3. Intact male bearing ovarian transplants. 

FIG. 4. 4 ” without ue 


with some epithelial cells and leucocytes. 

Castrated males without ovarian trans- 
plants (III) had a diestrous smear (although 
a number of epithelial cells were occasionally 
present) from week 19 to 24. Estrogen was 
administered at time of initial smearing 
(weeks 15 to 16) when smears disclosed a late 
proestrous phase. Estrogen was administered 
to the duplicate group, after continuous dies- 
trus was established, at week 19, as a single 
standard dose. Vaginal transplants responded 
with a single long period of estrus (16 to 28 
days from diestrus to diestrus; 8 to 20 days 
of full vaginal estrus), then reverted to con- 
tinuous diestrus. 

Histologically, the vaginal epithelium con- 
sisted of one or 2 layers of cuboidal cells 
(Fig. 2) with graft content of leucocytes and 
epithelial cells. 

Intact males with ovarian iransplants (1V) 
had a diestrous smear (except for a few ani- 
mals in metestrus from the previous estrogen ) 
at all times. Histologically the vaginal epi- 
thelium showed 2 to 4 layers of cuboidal cells 
(Fig. 3), the outermost being strongly muci- 
fied with occasional infiltrated leucocytes, and 
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a graft content of epithelial cells and necrotic 
leucocytes. 


Intact males without ovarian transplants 
(V) had diestrous smears, often with numbers 
of epithelial cells, at all examinations. Simi- 
lar hosts (VI) which had received 5 prelimi- 
nary doses of estrogen showed an estrous or 
late proestrous smear at initial examination. 
The duplicate group received a single dose of 
estrogen after establishment of a continuous 
diestrous smear and responded to it with a 
single long period of estrus, followed by re- 
version to diestrus. 

Histologically, vaginal epithelium consisted 
of 2 to 4 layers of somewhat flattened cuboidal 
cells with occasional areas of mucification 
(Fig. 4). The graft contents were scanty 
epithelial cells with leucocytes. 


Discussion. Changes in vaginal smears 
have not been described by other authors in 
castrated males with ovarian grafts(3) or in 
hypophysectomized males with grafted male 
or female pituitaries(6). However, examina- 
tions were made at one or 2 months after 
grafting; estrous phases in our animals were 
absent until 4th or 5th month after grafting. 
Repeated cyclic activity occurs in comparably 
treated females within one month. Presum- 
ably, periodicity of pituitary output of FSH, 
with its stimulation of estrogen secretion by 
transplanted ovarian tissue to a level sufficient 
to induce vaginal cornification, is not estab- 
lished in the male castrate for a relatively long 
period, then is only ephemeral. 

The virtual absence of growth of vaginal 
grafts in intact males with ovarian transplants 
without estrogen administration, together 
with their histological structure, in compari- 
son to that in intact or castrated males with- 
out ovaries, illustrates the antagonism be- 
tween estrogenic and androgenic action on va- 
ginal mucosa previously described (2,3,7,8). 
The relatively great amount of vaginal 
growth, and type of vaginal histology, in cas- 
trated males with ovarian transplants was 
due, presumably, to the higher output of es- 
trogen by ovarian grafts in these hosts under 
the influence of post-castrational elevation of 
pituitary FSH output. 

Summary. 1. Isografts of intact immature 
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vaginas grew maximally in castrated male 
mice with ovarian transplants and minimally 
in intact males with similar grafts. Growth 
was intermediate in castrated or intact males 
without ovarian grafts. 2. Vaginal grafts 
showed one or 2 estrous phases in castrated 
males with ovarian grafts between 4 and 5 
months after grafting but otherwise remained 
in late proestrus. Such activity did not occur 
in castrated males without ovarian transplants 
or in intact males with or without ovarian 
transplants, vaginal grafts in these hosts re- 
maining in diestrus. 
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Estrogen-induced hyperlipemia and athero- 
sclerosis in cockerels has been described by 
several investigators(1,2,3,4). More recently 
Caldwell and Suydam(5) have studied athero- 
genic-effect of estradiol cyclopentylpropionate 
(ECP) in young birds and noted significant 
changes in concentration of serum lipids and 
polysaccharides. Purpose was to study the 
effect of a single dose of ECP on the lipid pat- 
tern in 3-week-old cockerels. Cholesterol and 
phospholipids of serum, liver and aorta were 
determined daily, during a 7-day period, fol- 
lowing a dose of 5 mg of ECP, to evaluate 
time response of cockerels to this estrogen. 

Methods. Cockerels of White-Rock Broiler 
strain used for this experiment were obtained 
from a commercial hatchery when 8 days old. 
They were kept in thermostatic brooders and 
received a routine chicken. starter with tap 
water as desired. Hormone was. injected 
when birds were 3 weeks old. Estradiol cyclo- 
pentylpropionate (Upjohn Co.) was given 
intramuscularly as a single dose of 5 mg, dis- 
solved in 0.2 ml of corn oil/bird. Beginning 
the next day after injection and every day for 
7 days, a group of cockerels was anaesthe- 
tized, killed by decapitation and the blood 


collected. Untreated birds, killed on various 
days of this 7-day period, were considered as 
controls. Livers and aortas were dissected 
and weighed. Serum, livers and aortas were 
studied for lipid content. Total cholesterol 
was determined following the procedure of 
Abell e¢ al.(6). For study of lipid phosphate 
the samples were extracted with alcohol-ether 
and analysis carried out following the method 
of Zilversmit and Davis(7). Mean values for 
treated and control groups were compared by 
the Wilcoxon Rank Test and significance lev- 
els were expressed in per cent(8). 

Results. Body weight of cockerels was 
226 g (200-252) at day of injection, and 387 
g (343-452) at end of experiment. Injection 
was well tolerated and no inhibition of appe- 
tite or growth resulted. The results of study 
of lipids in serum, liver and aorta are pre- 
sented in Tables I and II. Early and signifi- 
cant rise of both cholesterol and phospho- 
lipids was noted in serum and in liver after 
ECP. Changes in aorta were slower to ap- 
pear, but significant increase of both studied 
lipids occurred between the 4th and 7th days, 
after injection of hormone. 

Discussion, Significant increase of lipids 


Post-EstrocEN [ipips IN CoCKERELS 


TABLE I. Response of Cockerels to 5 mg of ECP. 
Serum, Liver and Aorta Cholesterol. Mean + 8.E. 
No. of birds in parentheses. 
——— 


Total cholesterol 


Days after Serum Liver Aorta 

ECP ———_—_(ng %) —_—___, 

Controls 

165+ 4 206+ 4 194+ 3 

(30) (12) (10) 
ECP treated 

il 2454+ 7 *992 + 5 1924 § 
(16) (16) (10) 

Dy *363 + 6 *310 + 4 194+ 5 
(16) (16) (10) 

3 *450 + 12 *3354+ 8 250 + 15 
(16) (16) (9) 

4 *542 + 19 *371 +11 241 +17 
(16) (16) (9) 

5 *550 + 25 *392) == LL *978 +11 
(16) (16) (10) 

6 *529 + 22 *348+ 9 *336 + 13 
(16) (16) (10) 

of *A476 + 24 *356 + 10 *376 + 14 
(16) (16) (10) 


* Significance level, treated vs control, less than 


1%. 


in serum, liver and aorta of young cockerels 
was found after a single dose of an estrogen. 
Rate of change was different for various tis- 
sues studied. Rise of serum and liver lipids 
was noted as early as 24 hours after adminis- 
tration of ECP. Alterations in arterial phos- 
pholipids and cholesterol developed slowly. 
Time element in induction of changes in the 
hepatic lipogenesis and cholesterogenesis was 
studied previously and it was found, for ex- 
ample, that significant changes in lipid me- 
tabolism occurred as early as 30 minutes after 
injection of a hormone(9). The relative ra- 
pidity in alteration of lipogenic capacity of 
the liver is associated with high sensitivity 
of this organ to changes in the level of circu- 
lating fats. The possibility exists that fatty 
acid synthesis in the liver is under homeo- 
static regulation(10). Rate of increase of se- 
rum phospholipids was not parallel with 
changes in liver. It is known that plasma 
phospholipids, being only the choline con- 
taining type, are quite different from hepatic 
phospholipids(11). These 2 groups of lipids 
may, therefore, play different roles in fat 
metabolism and may react in a different way 
to estrogenic stimulation. Changes in aortic 
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phospholipids did not follow the rapid rise of 
serum phospholipids. It is apparent that phos- 
pholipids in aorta may be synthesized in situ 
and are not necessarily deposited from plasma 
(12). Rate of serum and arterial phospho- 
lipid turnover may be, therefore, influenced 
in different manner by hormones. 


Several aspects of mobilization and biosyn- 
thesis of cholesterol and phospholipids remain 
unexplained. It is, however, evident that 
some hormones may influence these processes. 
Estradiol cyclopentylpropionate is a potent 
and rapidly acting stimulant of lipid metabol- 
ism under described experimental conditions. 
Exact function of estrogens in metabolism of 
lipids is not well known. This hormone may 
modify the activity of enzyme systems in- 
volved in absorption and incorporation of exo- 
genous fats into tissue lipids. It may also 
play an important role in postabsorption 
phase of lipid synthesis in the tissue and in 
mobilization of endogenous fats. Possible ef- 
fect of estrogens on cellular permeability and 
on transport of lipids may also be considered. 

Summary. Effect of a single dose of 5 mg 
of estradiol cyclopentylpropionate on lipid 
metabolism in 3-week-old cockerels was 


TABLE II. Response of Cockerels to 5 mg of 
ECP. Phospholipids of serum, liver and aorta. 
Mean + S.E. No. of birds in parentheses. . 


Phospholipids 
Days after Serum Liver Aorta 
ECP — (mg %) 
Control 
286 + 30 2076 + 18 704 + 14 
(30) (19) (10) 
ECP treated ; 
1 SAO 24 Os Ol 803 + 45 
(16) (14) (8) 
2 *1467 + 54 » *2820 + 70 740 + 42 
(10) (14) (8) 
3 *1825 + 73, *2850+58 766+ 97 
(16) (16) (8) 
4 *1941 + 47 *30644 32 *1013 +146 
(16) (16) (8) 
5 *O131 + 99 *3091 +70 *1060 4 97 
: (16) (16) (8): 
6 42378 135 *2922 -- 63 890 + 75 
(16) (16) (8) 
if *1497 +107 *2899 + 31 SOUS. 
(16) (16) (10) 


* Significance level, treated vs control, less than 
1%. 
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studied. Cholesterol and phospholipids of 
serum, liver and aorta were determined daily 
during 7 days following injection of hormone, 
to evaluate time response of birds to this 
estrogen. Early and significant rise of serum 
and liver cholesterol and phospholipids was 
observed. Increase of aortic lipids was slower 
to appear, but significant changes in these 
parameters were also noted. 


Estradiol was donated by Upjohn Co. of Canada, 
Tcronto, Ontario. A. Kangaloo is thanked for 
technical assistance. 
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WitiiAm H. FLEmMINGt anp Puirie S. NoRMAN 
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The fibrin plate was devised by Astrup and 
Mullertz(1) to serve as a simple substrate for 
detecting fibrinolytic activity. Lassen(2) 
demonstrated that heating the fibrin to 86°C 
for 30 minutes destroyed adsorbed plasmino- 
gen. Lysis of unheated but not heated fibrin 
is interpreted to indicate the presence of plas- 
minogen activators whereas lysis of both types 
of plate indicates that a proteolytic enzyme is 
present. Using fibrin plates, Albrechtsen et 
al.(3) found plasminogen activator in many 
body fluids. We have been unable to find a 
prior study of fibrinolytic activity in bile, al- 
though Albrechtsen(4) and Todd(5) inves- 
tigated plasminogen activator in body tissues 
and reported its absence in liver. Conse- 
quently, bile was tested on the fibrin plate and 
appeared to contain a heat-resistant activator. 


*Supperted by research grant from Nat. Heart 
Ibe. WAS PIBES, 

t Work performed while a USPHS Fellow, Nat. 
Cancer Inst. Present address: Radioisotope Lab., Nat. 
Naval Med. Center, Bethesda, Md. 


Further investigation, however, showed that 
the observed lysis was not due to plasminogen 
activation, but rather was due to simple so- 
lution of fibrin s(6), formed in the absence of 
calcium. Fibrin z, formed in presence of cal- 
cium, was not dissolved by bile, but was sus- 
ceptible to true plasminogen activators. 


Materials and methods. Human or canine 
bile was either tested within 2 hours of collec- 
tion or frozen at —20°C for net longer than 
2 weeks. Na dehydrocholate (Decholin, 
Endo), Na taurocholate, (Delta Chemical 
Works) and Na glycocholate, (Delta and 
Mallinckrodt Chemical Works) were used as 
supplied by the manufacturers. Fibrin plates 
(1,2): 0.4 g of bovine fibrinogen (Fraction I, 
Armour Laboratories) was dissolved in 100 
ml of 0.25 M borate-saline buffer, pH 7.4(7), 
and filtered through Whatman #1 filter paper 
with suction. Eight ml was pipetted into 100 
mm Kimax flat bottomed Petri. dishes and 
clotted with 0.1 ml thrombin (Upjohn, Inc., 
50 u/ml in 0.9% saline). Clots were allowed 
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TABLE I. Fibrinolysis by Bile. 


Unheated Heated 
plate plate 
T-tube W ai nate alls Sisal 
A + () 
EW eee () 
Surgical specimens 
Cholecystitis RC + 0 
RR +} 0 
Dog bile 
Meningitis +++ 0 
Total body irradiation + 4+ 0 
Human autopsy 
No gall bladder disease EB ++ 0 
LG +-+ 0 
Fresh voided urine +++ 0 
2 += 10-100 mm? of lysis 
++ = 100-200 


+--+ — 900-300 
++4++4++4+ — 300-400 
+4+4+++ = >400 


to stand for 10-15 minutes before testing. One 
half of the plates were heated at 90°C for 20 
minutes. Samples were tested by delivering 
one drop from a 0.1 ml pipette onto unheated 
and heated plates. Plates were incubated at 
37°C for 24 hours. Fibrinolytic activity was 
recorded as the product of 2 perpendicular 
diameters of the clear lysis zone. Standard 
deviation was + 7.5%. Freshly voided urine 
was employed as a known plasminogen acti- 
vator. Proteolytic assays. The caseinolytic 
technic of Norman(8) was utilized without 
modification. 

Results. Bile was tested for activators on 
heated and unheated fibrin plates (Table I). 
These results suggested the presence of plas- 
minogen activator in bile. Bile and urine 
were tested after heating at 60°, 80° and 
100°C for one hour. The lytic agent in bile 
was heat stable, whereas urokinase, a known 
activator, was destroyed by heating. 

To discover what substance in bile was re- 
sponsible for lysis of unheated fibrin, 1% so- 
lutions of several bile salts, Na taurocholate, 
Na glycocholate, and Na dehydrocholate 
(Decholin), were tested and found to lyse un- 
heated but not heated fibrin. Lysis occurred 
readily at 22°C and 37°C but not at 2°C, and 
the area of lysis depended on concentration. 
The lytic property of bile salts was also stable 
at 100°C. As these substances are “biologic 
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detergents,” Alconox—a synthetic detergent 
composed of a mixture of hydrocarbon sulfo- 
nates, fatty alcohol sulfates, and complex 
phosphates—was tested and was a potent ly- 
tic agent similar to bile salts. 

Bile salts and Alconox uniformly failed to 
activate proteolytic activity of plasminogen 
when tested by the caseinolytic technic. Bile 
salts did not cause delay of clotting of whole 
blood or produce subsequent clot lysis; Alco- 
nox, however, caused hemolysis and an in- 
finite clotting time. 

Urea dissolves fibrin s, formed in absence 
of calcium or fibrin stabilizing factor. Upon 
dialysis to remove urea the clot reforms(9, 
10). Thirty per cent urea produced lysis on 
our plates, indicating presence of fibrin s. 
Heated fibrin s plates were not lysed by urea. 

Plates prepared with 0.01 M CaCl. were 
subjected to 30% urea, bile, and bile salts 
(Table IT). Addition of calcium prevented 
non-enzymatic lysis of fibrin but did not in- 
terfere with plasminogen activators. T-tube 
bile ““W” was contaminated with bacteria and 
proteolysis was probably due to microbial 
growth. 

Mullertz has reported that fibrin plates 
formed in the presence of citrate are more 
sensitive to enzymes than plates free of cit- 
rate(11). Because Armour fibrinogen con- 
tains 40 to 50% sodium citrate it became im- 
portant to demonstrate whether the effects 
noted also occurred with citrate-free fibrin. 
Citrate was removed from a fibrinogen solu- 
tion by dialysis for 24 hours against borate 
buffer with a change of buffer at 12 hours. 
Plates formed with citrate-free fibrinogen 


TABLE II. Fibrinolysis with and without Calcium. 


No 
calcium 0.01Ca Heated 

5 M urea +-+ 0 0 
T-tube A -- 0 0 

Lon +++ +444 444+ 

eu EW a 0 0 
GB bile EB -+ 0 0 
10% desiccated ox bile +-+-+ 0 0 

in H,O 
1% glycocholate ++ 0 
1% taurocholate +-+ 0 0 
1% Alconox +++ 0 0 
Urine +++ +++ 0 
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were sensitive to bile salts, detergent and urea 
and the effect was blocked by 0.01 M Ca. 


Dialysis of lysed clots to remove the bile 
salt or detergent caused the clot to reform, 
demonstrating that the fibrin had been dis- 
solved and not digested. Six ml of fibrinogen 
was clotted and then dissolved with 10 ml of 
10% (W/V) bile salts or Alconox. The solu- 
tions were dialyzed at 2°C against 0.2 M 
phosphate buffer, pH 7.4, for 16 hours. At 
least partial recovery of the clot was evident 
in all cases, and both citrated and non-citrated 
clots could be recovered by this method. 


Discussion. Olesen reported that bile salts 
activated fibrinolytic activity in guinea pig 
serum subjected to precipitation at pH 5.4 in 
presence of these salts(12). This appears to 
be a different phenomenon than we are re- 
porting, because the bile salts required the 
presence of something in serum for fibrinoly- 
tic activity. The fibrin plates used by Ole- 
sen were not sensitive to direct application of 
bile salts although they did not have added 
calcium. This may represent an unexplained 
difference in fibrin prepared by a different 
method. Reconstitution of fibrin clots after 
dissolution by bile salts and detergent seems 
to be unequivocaal evidence that fibrin s was 
not digested enzymatically, but was dissolved, 
as it may be by a number of reagents: urea, 
lithium chloride, lithium bromide, sodium bro- 
mide, sodium iodide, guanidine hydrochloride, 
histamine dihydrochloride, and monochloro- 
acetic acid(13). Whether the above reagents, 
bile salts and detergents all dissolve fibrin s 
by the same mechanism is undetermined. 
Only bile salts appear in physiological fluids 
in sufficient concentration to be confused 
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with plasminogen activators in fibrin plate 
testing. 

Fibrin i, formed in presence of calcium and 
fibrin stabilizing factor (FSF), is a copolymer 
of fibrin and FSF and is resistant to solubiliz- 
ing reagents(14). It is suggested, therefore, 
that fibrin 7 be used in tests for enzymatic 
fibrinolysis to obviate artefacts such as that 
seen with bile. Bovine Fraction I (Armour) 
contains FSF so that addition of calcium dur- 
ing clotting gives fibrin 7(13). 

Summary. Bile salts and detergents cause 
“lysis” of fibrin s by a simple solution of fib- 
rin. Fibrin z is not dissolved by bile salts 
and detergents. Fibrin i should be used in 
fibrinolytic assays for plasmin or plasmin acti- 
vators. 
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Detection and Titration of Staphylococcus aureus Agglutinin in Serum.* 
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Wituiam P. Bocrr, Jack W. FRANKEL AND JOHN J. GavINn 
Dept. of Research Therapeutics, Norristown State Hospital, Norristown, Pa. 


During studies to demonstrate alteration of 
metabolism of recently isolated virulent 
strains of S. aureus in presence of serum, an 
interesting sedimentation pattern suggestive 
of agglutination was observed. Quantitative 
differences in capacity of various sera to pro- 
duce this distinctive agglutination pattern 
were noted, hence the phenomenon seemed 
worthy of study. This report presents (a) a 
description of this phenomenon and its quan- 
titation, (b) evidence supporting specificity 
of agglutination reaction, (c) staphylococcal 
agglutinin titers of sera from different species, 
(d) agglutinin titers of pooled human gamma 
globulin samples and (e) preliminary data 
on serologic responses of rabbits and humans 
to vaccination with an S. aureus vaccine. 

Materials and methods. S. aureus antigen 
is prepared by inoculating 100 ml of trypti- 
case soy broth (TSB) with a loopful of cells 
from a trypticase soy agar slant that had been 
incubated for 16-18 hours at 37°C. The 
broth culture is incubated for 5 hours at 
37°C, then distributed in 1.0 ml amounts 
into rubber-stoppered vials and _ stored 
at -20°C. The standard antigen dilu- 
tion used is initially determined by pool- 
- ing the contents of 2 vials and preparing serial 
10-fold dilutions in TSB. One-tenth ml of 
each dilution is added to ten 13 x 100 mm 
tubes followed by 1.1 ml of TSB. Cultures 
are incubated overnight at 37°C and antigen 
titer recorded as the reciprocal of the 50% 
viability endpoint (VE;50) according to the 
method of Reed and Muench(1). One hun- 
dred VEz» is the antigen dilution used to de- 
termine agglutination response. Once stand- 
ardized in this manner, titers of stock antigens 
remain unchanged at —20°C for periods of at 
least 5 months. In determining agglutination 
response, the appropriate antigen dilution is 
made in TSB from pooled contents of 2 vials 


* This study was made possible by Fund for Re- 
search Therapeutics. 


and viability (VE;9) titer confirmed in each 
test. The strain of S. aureus selected as an- 
tigen is apparently not critical since a num- 
ber of S. aureus isolates (serotypes I and III) 
have been used as antigens with good agree- 
ment as to agglutinin titers determined. Re- 
cently, an antibiotic resistant strain of S. 
aureus, readily cultivated in TSB containing 
100 units of penicillin and 100 pg of strepto- 
mycin per ml, has been employed as antigen. 
Use of this organism facilitates the procedure 
by lessening risk of contamination as test 
tubes stand open while reagents are delivered 
with automatic pipettes. Each serum is heated 
at 56°C for 30 minutes preparatory to test- 
ing. Serial 2-fold dilutions (usually starting 
at 1:100) of serum are made in TSB. One- 
tenth ml of each serum dilution is placed in a 
13 x 100 mm test tube and 0.1 ml of antigen 
added. Mixtures are shaken and incubated 
for 1 hour at room temperature after which 
time 1.0 ml of TSB is added to each tube. 
For purposes of control, the titer of a stand- 
ard pool of human serum is determined each 
time. Variations in titer of the control serum 
have not been observed in excess of 2-fold on 
different days. Mixtures are incubated for 
16-18 hours at 37°C, then read by inspection. 
The ease with which the end-point is distin- 
guished is illustrated in Fig. 1. The aggiu- 
tinin titer is expressed as the reciprocal of 
highest dilution of serum causing complete 
agglutination of the antigen. 


Results. Antigen specificity. To validate 
the specificity of this reaction, a number of 
adsorption procedures were carried out. If 
the reaction is specific, adsorption of anti- 
bodies by cells of S. aureus should cause a 
quantitative decrease in titer of adsorbed se- 
rum. Accordingly, a cell suspension was pre- 
pared and aliquots were mixed with (a) hu- 
man serum; (b) a prepared pool of commer- 
cial human gamma globulin; and (c) rabbit 
serum, from animals in which antibody for- 
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ORIGINAL SERUM DILUTION (RECIPS&OCAL) 


3209 


6400 


L2gou 25600 


FIG. 1. Agglutination pattern of S. awreus in presence of rabbit serum. 


mation had been induced by injection with 
antigen. These mixtures were placed in a 
refrigerator at —4°C and allowed to stand 
overnight. Cells were removed by Seitz filtra- 
tion and sera tested for agglutination capacity 
by the procedure described above. Reduction 
of titers, 8 to 32 fold, indicates that adsorp- 
tion occurred. Adsorption tests carried out 
with aliquots of the same sera and S. albus 
cells showing no reduction in titer offer fur- 
ther evidence of specificity of this reaction. 
Use of S. albus as antigen in the agglutination 
test was not successful. The distinctive sedi- 
mentation pattern was not observed: all tubes 
in the series had the same type of. diffuse 
growth. 

Agglutinin titers of animal sera. It has 
been shown in the past that certain animal 
sera show antibodies to staphylococci, hence 
it seemed purposeful to determine whether 
agglutinin titers could be demonstrated in 
randomly selected animal serat by this test. 
Table I indicates presence of measurable ag- 
glutinin titers and also a wide range of titers 
within each species. It is open to speculation 
whether these titers reflect differences in ex- 
posure to staphylococcal infection or differ- 
ences in capacity to form antibodies. Simi- 
larly there is a range of titers in human sera, 
and preliminary data indicate no difference 
in titers between persons who have been free 
of recognized staphylococcal infection for long 
periods and those who have had recent skin 
- +The authors wish to acknowledge their thanks 
to Samuel V. Scheidy, D.V.M., Univ. of Pennsyl- 
vania School of Vet. Med. for these specimens. 


infections due to staphylococci. Of particular 
interest was the specimen of human serum 
which had a titer of less than 200. This se- 
rum was submitted as an unknown? but after 
decoding it was found that this specimen had 
been obtained from a patient with agamma- 
globulinemia. In light of this observation it 
is intriguing to speculate about the cause of 
the value of less than 200 in the specimen of 
goat serum. 

Agelutinin titers in human gamma globulin: 
The finding of insignificant titers of agglu- 
tinin in the specimen of agammaglobulinemic 
serum suggested the testing of pooled human 
gamma globulin. Use of a living staphylococ- 
cus as the antigen made it requisite to obtain 
gamma globulin specimens prior to addition 
of preservatives.§ Variation in titer of agglu- 
tinins in the various lots is shown in Table I. 
These values so distinctly higher than those 
encountered in single samples of human sera 
that have been tested, suggested that the ag- 
glutinins measured are concentrated in the 
fraction of blood containing the presently rec- 
ognized antibodies, thus indirectly supporting 
the view that it is an antibody that is being 
titered. 

Serologic response of rabbits to treatment 
with staphylococcal vaccine. Rabbits natur- 
ally have agglutinin titers as measured by 

{ Kindly forwarded to us by George G. Jackson, 
M. D., Univ. of Illinois, Chicago. 

§ The authcrs are indebted to Lederle Laboratories 
Division, American Cyanamid, Pearl River, N. Y. 
and Merck Sharp and Dohme Labs., West Point, Pa., 
fcr cooperation in making these samples available. 
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TABLE I. Staphylococcal Agglutinin Titers of Sera of Various Species. 


Ageglutinin 
titer 
(reciprocal) 


Rabbit Horse Cat 


Goat 


= Man 
Sera y-globulin 


Cow 


Sheep 


> 409600 1 
409600 
204800 1 
102400 
51200 2 
25600 
12800 
6400 
3200 
1600 
800 
400 
200 
<200 


Se OO 


1 1 


lo 


ad 
= Sy 
Oo ot sa eS st Ww 
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this test (Table I). It seemed of interest to 
determine whether these titers could be in- 
creased by treatment of rabbits with a staphy- 
lococcal vaccine. Accordingly 4 albino rab- 
bits were bled, then treated intravenously with 
a series of injections of bacteriophage-lysed 
S. aureus vaccine. In graded doses at inter- 
vals of approximately 4 days over a period of 
33 days each rabbit received 80 ml of staphy- 
lococcal preparation. Post-treatment sera 
were obtained from the rabbits one week after 
completion of treatment. All serologic re- 
sponses were determined in a single test and 
post-treatment sera showed a 2 to 64-fold in- 
crease in titer. 

Serologic response of patients to vaccina- 
tion. Twenty-one male patients, all of whom 
had suffered from recurrent furunculosis for a 
period of many months, were vaccinated sub- 
cutaneously with a bacteriophage-lysed S. 
aureus vaccine.|| The arbitrary schedule of 
vaccination was 0.05 ml initially, 0.1 ml 4 
days later and thereafter increments of 0.1 ml 
at 4-day intervals, up to 0.5 ml per injection. 
Treatment at this level was then continued 
weekly. Local reaction at sites of injection as 
minimal, the usual reaction being redness less 
than 3 cm in diameter, with little or no indu- 
ration. Serum was obtained from each pa- 
tient immediately before and 4 weeks after be- 
ginning of vaccination. Serologic responses 


|| This preparation was supplied by Delmont Labs., 


Swarthmore, Pa. 


of these patients were determined simultane- 
cusly in a single agglutination test (Fig. 2). 
Although there was a therapeutic response in 
all of these patients, only 13 of 21 patients 
(62%) responded with at least a 4-fold in- 
crease of titer. A therapeutic and serologic 
comparison of staphylococcal vaccines and 
toxoids will be presented later. 

Discussion. It is well known that the 
staphylococcus is rich in antigenic substances 
although there is no ready means of determin- 
ing the exact number(2). However, there has 
been a significant lack of evidence to correlate 
any of the demonstrated antibodies with pro- 
tection or immunity against staphylococcal in- 
fection. Elek(2) pointedly emphasizes the 
shortcomings of previous work in correlating 
staphylococcal diseases of animals or man 
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with the immunologic findings and states that 
“Staphylococci isolated from lesions are by 
no means always agglutinated by the patient’s 
serum and the demonstration of agglutinins 
is of no clinical importance.” Without in any 
way wishing to challenge this statement this 
paper presents what we believe to be a new,** 
technically simple and exquisitely sensitive 
agglutination test, accidentally discovered in 
our laboratory. 

The basis of the test described here is alter- 
ation of the characteristic growth pattern of 
coagulase-positive staphylococci in fluid me- 
dium in presence of serum from either human 
or animal source. It would appear that the 
agent responsible for this alteration of growth 
possesses certain generally accepted properties 
of antibody: a) stability in serum heated at 
56°C for 30 minutes; b) semi-quantitative re- 
moval by adsorption with homologous (coagu- 
lase-positive) but not with heterologous (co- 
agulase-negative) staphylococci; and c) an 
increase in titer following treatment with a 
staphylococcal vaccine. 

The antibody measured appears to be pres- 
ent naturally in sera of animals and man in 
varying amounts. Since staphylococci are 
ubiquitous and there is increasing documen- 
tation of staphylococcal infections in animals 
it is suggested that the antibodies reflect pre- 
vious experience with this organism. This 
statement is not necessarily in conflict with 
the common failure of anti-hemolysin, anti- 
leucocidin or agglutinin titers to distinguish 
patients who have staphylococcal infection. 
This seeming paradox may be due to the 
unique histopathology of staphylococcal infec- 
tions. 

It has, however, been possible to show an 
increase of titer in rabbits and in man follow- 
ing treatment with a staphylococcal vaccine. 
The vaccine employed was a bacteriophage- 
lysed preparation without preservative and 
certainly contained a) components of culture 
medium, b) metabolites of staphylococci, c) 
soluble residues of lysis of cell walls and d) 
living bacteriophage particles. It has been 
impossible to characterize the specific antigen 


** We have not found any similar test in our 
search of the literature. 


STAPHYLOCOCCUS AUREUS AGGLUTININ IN SERUM 


or antibody controlling the altered agglutina- 
tion pattern which is the basis for the test 
presented here. The serum factor does not 
appear to be an antibody to alpha hemolysin 
or bacteriophage. 


The finding of insignificant amounts of the 
agglutinin in a single agammaglobulinemic se- 
rum and the variable, but high titers, of ag- 
glutinin in pooled, human gamma globulin 
support the concept that the factor we are 
measuring is found in that fraction of blood 
which contains all meaningful antibodies as 
we know them today. However, the antibody 
or agglutinin measured by this new test has 
not been studied extensively enough to permit 
an opinion as to clinical significance or its 
identity with a “protective” antibody. The 
agglutination test is so simple in its per- 
formance, so exquisite in sensitivity and re- 
producibility that it is presented for trial by 
other investigators. 


Summary and conclusions. A technically 
simple agglutination test for detection and 
titration of an unidentified anti-staphylococ- 
cal factor; presumably antibody, in human 
and animal sera is described. By this test 
variable titers have been found to occur na- 
turally in sera of animals and of man. Agelu- 
tinins are present in large amount in pooled 
human gamma globulin and in insignificant 
amounts in a single agammaglobulinemic se- 
rum. Titers of this factor can be increased 
by treatment of both animals and man with a 
staphylococcal vaccine. The suggestion is 
made that this factor is an antibody on the 
basis of a) its presence in antibody bearing 
fraction of blood b) its heat stability c) abil- 
ity to adsorb it semiquantitatively with coagu- 
lase-positive staphylococci and d) ability to 
elevate titers in rabbits and man by use of 
staphylococcal vaccine as antigen. Prelimi- 
nary observations do not enable us to identify 
the factor being measured by the ageglutina- 
tion test nor assess its clinical significance. 


1. Reed, L. J., Muench, H., Am. J. Hyg., 1938, v27, 
493, 

2. Elek, Stephen D., Staphylococcus Pyogenes, 
Livingstone Ltd., Edinburgh and London, 1959. 


Received May 23, 1960. P.S.E.B.M., 1960, v104. 
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Our preliminary studies of disposition of 
leukemia cells (L1210) in different tissues of 
DBA/2J and CDBAt mice, implanted subcu- 
taneously with the tumor, have shown that 
the brain becomes infiltrated 1-3 days prior 
to death.+ It was interesting to determine 
whether intracerebral (I.C.) route of inocula- 
tion of lymphoid leukemia (L1210) would 
lend itself to studies such as: 1) Time re- 
quired for disease to become systemic. 2) 
Degree of leukemic infiltration in different 
brain areas. 3) Effect of drug therapy when 
there is high concentration of leukemic cells 
in the brain, when ability of the drug to pene- 
trate blood-brain barrier could be of consid- 
erable importance. Data are presented show- 
ing that intracerebrally injected leukemia 
(L1210) grows in the brain, infiltrates dif- 
fusely in the arachnoid, and rapidly becomes 
systemic. Significant increases in survival 
time were obtained with drug therapy. 

Materials and methods.  10-12-week-old 
DBA and CDBA male miceS weighing 22 to 
28 g were employed. For each experiment a 
DBA mouse bearing subcutaneous (S.C.) im- 
plant of leukemia (L1210) in the right in- 
guinal region was sacrificed by cervical dislo- 
cation on 9th day after inoculation.|| A mid- 
line incision was made and the diaphragm ex- 
posed and transversely cut. Blood was col- 
lected by cardiac puncture into heparinized 
syringe. One volume of whole blood was 
diluted with 9 volumes of sterile saline (0.9% 
NaCl). DBA or CDBA mice were injected 
intracerebrally by penetrating the skull with 
25 gauge needle in area of midbrain and 
slowly introducing 0.05 ml of inoculum, using 
a microliter syringe (Hamilton Co.). In com- 


* U.S. Dept. of H. E. W. 

+ (BALB/cAn x DBA/2J)F, hybrid male. 

t Chirigos, M. A. (unpublished data). 

§ Obtained from NIH breeding colony. 

| Median survival time (MST) for these mice is 


usually 10-13 days. 


parative studies separate groups of mice were 
inoculated S.C. in the right inguinal region 
with the same volume of inoculum. Brain 
and spleen tissue, removed from either I.C. or 
S.C. injected mice, was prepared as a mash. 
The tissue was inserted into 1 or 2 ml syringe 
and forced through 20 gauge needle into 
equivalent volume of sterile saline. The mash 
was passed back and forth through the needle 
into syringe barrel until uniform tissue sus- 
pension was obtained. Whole blood was col- 
lected by cardiac puncture as previously de- 
scribed. Sterile saline was used for all dilu- 
tions. 

Results. Table I shows that 3 days after 
inoculation of leukemic blood into the brain, 
tumor cells were in sufficient concentration 
that S.C. inoculation of 0.1 ml of 2% brain 
inoculum resulted in tumor growth and death 
in recipient mice. Leukemic titer in brain in- 
creased so that by fifth and eighth day after 
injection of leukemic cells into the brain, dilu- 
tions of 0.4 to 0.02% of brain suspension 
were capable of eliciting tumor growth and 
subsequent death. 

Comparison was made of time required for 
the disease to become systemic, when I.C. and 
S.C. routes of inoculation of leukemia 
(L1210) were employed (Table II). Two 
groups of CDBA‘ mice were implanted, I.C. 
or S.C., with 0.05 ml of a 10% concentration 
of leukemic whole blood, prepared as previ- 
ously described. On days indicated following 
inoculation, I.C. and S.C. implanted mice 
were sacrificed; whole blood, brain, and 
spleen tissue were taken and used for subcu- 
taneous inoculation into CDBA mice. 

Results from Table II show that spleen 
was sufficiently infiltrated to transmit the dis- 
ease at 2 days following I.C. injection, and 
that leukemic cells were present in circulating 
blood by the sixth day. In contrast, by the 


{{CDBA male mice are susceptible to growth of 
leukemia (L1210), Goldin, et. al.(1). 
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LEUKEMIA INTRACEREBRAL GROWTH AND TREATMENT 


TABLE I. Potency of Inoculum Prepared from Brain Tissue of Mice Inoculated Intracere- 
brally* with Leukemie Blood (L1210).t 


Day intracer. inoculated mice were sacrificed for brain tissue inoculum 


Day 3 Day 5 Day 8 
Range of Range of Range of 
% cone. of death death death 
inoculum{t Dead/Total (days) Dead/Total (days) Dead/Total (days) 
50 3/3 12-14 3/3 12-13 3/3 14 
10 ig ‘! 2 13 i 15-16 
2 ‘i 13-16 “ 15-17 i 16-19 
4 0/3 2/3 16-18 % 17-20 
.08 e 1/3 18 17-22 
.02 a 0/3 1/3 20 


* Median survival time of intracer. inj. mice was 9 days. 
+ DBA/2J mice were used throughout experiment. : ; 3 
¢ All inocula diluted with sterile saline and inj. subcut., 0.1 ml/mouse, in right inguinal re- 


gion. 


sixth day, leukemia was not transplanted suc- 
cessfully with blood, spleen, or brain taken 
from mice inoculated by the S.C. route; how- 
ever, by eighth day they were capable of 
transmitting the disease. 

Pathology. Sections of central nervous sys- 
tem were examined in DBA mice sacrificed on 
eighth day following intracerebral injection of 
leukemia (L1210). Diffuse infiltration by 
leukemic cells in the subarachnoid spaces was 
noted (Fig. 1). Small nodules of leukemic 
cells were seen in the ventricles, and occa- 
sional intracerebral blood vessels were sur- 
rounded by a cuff of leukemic cells. 

Amethopterin and _ 3’,5’-dichloroamethop- 
terin have been shown to prolong the lifespan 
of mice with advanced leukemia (L1210) (1) 
when the S.C. route of tumor inoculation was 
employed. Although leukemic cells are pres- 


ent in the brain late in the course of the dis- 
ease, following S.C. inoculation, they are ap- 
parently not in as high concentration as when 
inoculated I.C. 

It was of interest to determine whether 
treatment with these drugs could increase sur- 
vival time of mice inoculated I.C. with leu- 
kemia (L1210). Results of a representative 
experiment are summarized in Table III. 
Drug therapy was begun on seventh day after 
mice were injected I.C. with leukemic blood, 
since biological evaluation of brain tissue from 
I.C. injected mice and degree of infiltration 
in brain as observed microscopically indicated 
that the brain is well infiltrated by this time. 
In this experiment, since all controls suc- 
cumbed, the higher inoculum was at least 10 
times greater than that required to give 100% 
deaths from tumor. Although there were no 


TABLE II. Disposition of Leukemia in Tissues of Mice Inoculated Intracerebrally or Subcutaneously 
with Leukemia (L1210).* 


Day tissue inoculum was prepared from mice 


Tnocu- Day 2 Day 4 Day 6 Day 8 Day 10 Day 11 Day 12 
lum t D/A aa ID/iy Ta ID/ie 1 D/P D/ ie ry IDYAW 1 IDY/AaW 18s 
Intracerebral mices 
Blood 0/3 0/3 ayes MSalsy BY} aly Ai 9 No intracer. survivors 
Spleen 2/3 14-16 3/3 14-16 Oil y 8-9 % 7 on days 11 and 12 
Brain ay 14-16 ” 11-12 ce 9-12 ie 8-10 2 9 
Subcutaneous mice} 
Blood 0/3 0/3 0/3 yay le! 3/3 10-14 3/3 11-12 272 9 
Spleen sé % * ” 10-12 a 8 oe 8 eg 7 
Brain y 4 “ ” 14-17 ” 12-13 @ 12 Ore gyal 


* CDBA mice were used throughout this experiment. 

+ 0.1 ml of undiluted whole blood, .2 ml of a 50% concentration 
in right inguinal region. 

+ D/T = Dead/Total. R = Range of death in days. 

§ Median survival time, 10 days. 

\| ” ” ” , 13 ” 


of spleen or brain implanted subeut. 


LEUKEMIA INTRACEREBRAL GROWTH AND TREATMENT 


FIG. 1. (A) Photomicrograph of midbrain of 
mouse inj. intracer. with leukemia L1210. Needle 
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puncture tract in midbrain is hemorrhagie and sur- 
rounded by inflammatory cells. No leukemic cells 
noted along needle tract. There is diffuse leukemic 
cell infiltration in arachnoid and a few intracere: 
bral vessels exhibit perivascular cuffing. 40 x. 

FIG. 1. (B) Leukemie cells fill arachnoid spaces 
on surface of midbrain and infiltrate wall of vein. 
178 X. Stain, hematoxylin-eosin. 


TABLE III. Effect of Drug Therapy on Mice Im- 


planted Intracerebrally with Leukemic Blood 
(11210).* 
Cone. of Median sur- Range 
blood in- Drug vival time of death 
oculum (%)t+t treatment} (days) (days) 
10 DCM 41 15-68 
i MTX 19 15-30 
ae None 12 11-12 
1 DCM 52 14-66 
uy MTX 28 23-29 
is None 12 12-13 


* DBA/2J mice; 10/group. 
+ All inocula diluted with sterile saline, and inj. 
intracer., .05 ml/mouse. 
$ DCM = 50 mg/kg 3’, 5’-dichloroamethopterin. 
MTX = .75 mg/kg amethopterin. 


Drug therapy was initiated on 7th day after mice 
were implanted intracer., and administered subcut., 
daily, in axillary region. 
survivors in the treated groups, the results 
show that the antifolic agents caused sub- 
stantial increases in survival time with both 
levels of inoculum. 

Whether earlier treatment of I.C. injected 
mice would have led to complete regression of 
leukemia in brain has not been determined. 

That both drugs were effective indicates 
that these drugs may be capable of penetrat- 
ing the blood-brain barrier. Studies are pres- 
ently being conducted with this system to de- 
termine penetrability of these and other 
agents known to be effective against leuke- 
mia (L1210). 

Summary. Mouse leukemia (L1210) was 
grown successfully when introduced by intra- 
cerebral route. Brain tissue was rapidly in- 
filtrated and the disease became systemic 2-3 
days following I.C. inoculation. Deaths oc- 
curred somewhat sooner than when the dis- 
ease was inoculated S.C. Administration of 
antifolic agents (amethopterin and 3’,5’-di- 
chloroamethopterin) increased survival time. 


1. Goldin, A., Humphreys, S. R., J. Nat. Cancer 
Inst., 1960, v24, 283. 


Received May 23, 1960. P.S.E.B.M., 1960, v104. 
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Routine Direct Measurement of Arterial Pressure in Unanesthetized Rats. 


(25937) 


James R. WEEKS AND JULIE A. JONES 


(Introduced by M. H. Kuizenga) 


Dept. of Pharmacology, The Upjohn Co., Kalamazoo, Mich. 


Difficulties and possible inaccuracies asso- 
ciated with existing indirect methods for de- 
termining blood pressure routinely in rats 
(lack of agreement with direct pressure meas- 
urements, requirements that animals be 
heated or anesthetized, errors due to size and 
placement of occluding cuffs) have been sum- 
marized(1,2,3). To circumvent these diffi- 
culties, we have adapted for routine use the 
method of permanent aortic intubation first 
described by Still e¢ al.(2,4). Still’s original 
method involved inserting a small polyethyl- 
ene tube into the lumen of the aorta and lead- 
ing it beneath the skin to an exit on the back 
of the neck. The free tip was then heat 
sealed and cut off for each measurement. We 
have made 3 modifications: (1) employing 
hypodermic needle tubing to bring the tube 
through the skin, (2) using a wire to plug the 
free end of polyethylene tubing, (3) using 
small size polyethylene tubing only for in- 
sertion into the aorta, the remainder being a 
larger size. The needle tubing allowed easy 
replacement of the end piece of polyethylene 
as it stretched and frayed with use; while 
larger tubing allowed systolic and diastolic 
pressures to be measured. 

Methods and materials. Construction of 
the tube to be implanted involves fabrication 
of 3 items: (1) a “J”-shaped piece of poly- 
ethylene tubing (passing from aorta to back 
of the neck), (2) a piece of hypodermic needle 
tubing (which exits through the skin), and 
(3) an end piece of polyethylene stiffened 
by a jacket to resist mechanical trauma (Fig. 
1). The tube is implanted as follows. Make 
a transverse skin incision about 15 mm be- 
hind the ears in anesthetized rats at least 200 
g in weight. Open the abdomen on the mid- 
line, remove viscera and cover with gauze. 
Using a dry gauze sponge, wipe the aorta 
clean in the region of the bifurcation. Pass a 
14 cm hubless trocar (made from 16 ga 
needle tubing with blunt end enlarged to 


about 2.5 mm o.d. by a drop of solder) | 
through the psoas muscles lateral to left ge- | 
nito-femoral nerve and medial to left ureter, 
then on to the incision in neck. Using a few 


mm of PE 50, couple aortic tube and attached ~ 


needle tubing to a 16 cm length of 22 ga 
needle tubing, insert into the trocar as far as 
possible, and pull through the tissues to neck 
incision. 
the midline about 6 mm in front of incision. 
Using the needle as a guide, pass needle tubing 
through the skin. Slip on the reinforced 
PE 50 “end piece” and attach to a tube lead- 
ing to a syringe filled with isotonic saline. 


Using silk sewing thread (size A), make a i 


single stitch through neck muscles, tie a 
square knot thus forming a loose loop an- 
chored to the neck, then tie securely to the 
polyethylene tubing. Close neck incision. 
Anchor polyethylene tubing alongside the 
aorta just above the bifurcation by one stitch 
of the attached silk thread through psoas 
muscles. Cut the tip of the PE 10 on a bevel 
at a point slightly below renal arteries and fill 
tubing with saline. Occlude the aorta with 
the tip of a finger and puncture with a 26 ga 
needle about even with the anchor stitch. 
Withdraw needle and insert polyethylene tub- 
ing. Although seldom necessary, bleeding may 
be controlled by a wisp of cotton-type oxi- 
dized cellulose and gentle pressure. Replace 
viscera and close abdomen. No anticoagulant 
is necessary in the tube. About 80% of in- 
tubations were successful. Since troublesome 
infections occurred occasionally, we sterilized 
instruments and materials in a 1:1000 solu- 
tion of benzalkonium chloride. Procaine peni- 
cillin G 40,000 units and dihydrostreptomycin 
50 mg (as 0.2 ml, i.m., of Dihydrocillin, Up- 
john) were given postoperatively. Rats must 
be caged individually. Blood pressure was 
measured using a Statham P23G_ pressure 
transducer (Statham Instruments, Hato Rey, 
Puerto Rico) and a Grass Model 5 polygraph 


Thrust a needle through the skin in | 


UNANESTHETIZED RAT ARTERIAL PRESSURE 


FIG. 1. Polyethylene tubing and accessories for 
aortic intubation. A. PE 50 tubing, 140 mm length 
for rats to 350 g (Clay-Adams, N. Y.). B. 4-O silk 
suture tied between ridges for anchoring tubing 
alongside aorta. C. PE 50 sealed to PE 10 [Insert 
pipette probe wire (Fisher 6-214, ground smaller at 
tip if necessary) into lumens, melt together by ro- 
tating slowly against pointed tip of moderately hot 
soldering iron (Ungar 4035, No. 332 tiplet, oper- 
ated at about 70 volts). Melt again on PE 50 to 
form second ridge.| D. PE10 fixed into ‘‘J’’- 
shape (form loosely around glass rod and dip into 
boiling water). E. PE 50 with PE 160 protective 
jacket (hold near flame to seal together). F. 7 mm 
wire plug made from 18 ga needle stylet, inner end 
bluntly tapered (eut and grind this wire anid 
needle tubing using dental separating dise with 
stream of water playing continuously on both 
sides). G. 20 mm long 22 ga stainless steel needle 
tubing with smooth rounded ends. H. PE 50 pro- 
jecting beyond PE 50-160 seal flared by heating 
near a small flame. Tubing anchored to neck mus- 
cles by tying in the groove between flare and seal. 
I. PE 160 jacket 20 mm long sealed at both ends 
over PE 50 as in C above using a 21 ga needle sty- 
let to maintain lumen. 

FIG. 2. Preparation of polyethylene ‘‘T’?-tubes. 
A. Insert wire (21 ga needle stylet) into lumen of 
PE 50, thicken wall by rotating against chisel tip 
(Ungar No. 333) of moderately hot soldering iron. 
Drill hole (No. 60) for side arm. B. Make similar 
thickening, cut one end very short, insert stub into 
hole, insert wire into side arm, and seal by rotating 
thickened joint against pointed tip, taking great 
care not to touch the thin walls of the tubing. 
GC, Attach additional lengths of PE 50 to the arms 
of the ‘‘T’’ by melting together over a wire, 
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(Grass Instrument Co., Quincy, Mass.). The 
transducer was arranged with side outlet con- 
nected to controlled air pressure for calibra- 
tion. A 3-way stopcock on the recording out- 
let allowed saline to be injected into the rat. 
Connection between rat and transducer was 
by a length of PESO tubing with a piece of 22 
ga needle tubing on the end. The rat was im- 
mobilized by wrapping in a towel with head 
exposed, the end piece of polyethylene was oc- 
cluded by grasping with a shod hemostatic 
forceps, the wire plug removed, the tube con- 
nected to transducer and flushed with about 
0.2 ml of isotonic saline, then B.P. recorded 
continuously for at least 1 minute. Average 
pressure could easily be estimated. If the 
tube seemed obstructed, saline was forcibly 
injected using a 0.25 ml syringe. At other 
times, it was necessary to massage the aorta 
gently through abdomen. Presumably, the 
tip of the tubing was lying against the wall of 
the aorta or partially occluded by a small 
piece of fibrin. Aortic thrombi and aneurisms 
have been rare since the tube was anchored 
alongside the aorta as described. Rats so pre- 
pared have been used for as long as 6 months. 
We have used this method routinely in B.P. 
studies for over a year and have prepared at 
least 300 rats. Drugs may be injected into 
the aorta with only a few seconds interruption 
of pressure recording. A ‘“T”-joint was fabri- 
cated in the PE 50 tubing leading from trans- 
ducer to rat (Fig. 2) and the side-arm of “T”’ 
connected through a small stopcock to a 
syringe. After closing the connection to the 
transducer, drugs were injected, then flushed 
into the animal by about 0.1 ml of saline from 
the syringe on the transducer. 

Discussion. Although we have routinely 
recorded mean arterial pressures (by elec- 
tronic damping of the pulse pressure), systolic 
and diastolic pressures may also be measured. 
The same values were obtained when, in an 
anesthetized rat, pressures were recorded si- 
multaneously from one carotid artery directly 
to a transducer using a 20 ga needle as a can- 
nula, and from the other carotid artery using 
a complete aortic tube assembly connected to 
a second transducer. In the latter however, 
the contour of the pulse wave was rounded. 
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Normal mean arterial pressure, based upon 
44 Wistar origin females, age 2 to 5 mo., 3 
successive measurements per rat on different 
days, averaged 129 mm Hg. Analysis of vari- 
ance showed the rat to rat standard deviation 
(square root of rat component of variance) 
to be 7.7 mm Hg, and day to day standard de- 
viation on a given rat to be 6.2 mm Hg(5). 
Most of our experience has been with Groll- 
man type(6) renal hypertensive rats, in which 
B.P. as high as 300/200 have been recorded. 
We have considered rats as hypertensive when 
their mean B.P. was over 150 mm Hg, most 
of them ranging between 160 and 200 mm Hg. 


Reliability of readings from the photoelec- 
tric tensometer(7) were studied by simultane- 
ous recording of direct aortic B.P. Our ten- 
someter, built within The Upjohn Co., re- 
corded cuff pressure and light transmission 
through the foot simultaneously on a paper 
chart. Personal bias was minimized by ac- 
cepting all clear-cut readings. A cuff as de- 
signed by Rosett and Handler was used(2). 
Five successive readings were made, the cuff 
removed and replaced in apparently the iden- 
tical manner, and another 5 readings made; 4 
such series an each of 10 different rats. Ac- 
tual B.P. from the aorta varied only a few mm 
of Hg. Tensometer B.P. agreed well within 
the 5 replicate readings when the cuff was 
undisturbed (average range 25:mm Hg), but 
there were often large variations between av- 


Basic COMPOUNDS AND CHOLESTEROL BIOSYNTHESIS 


erages of replicate series on the same rat (up 
to 70 mm Hg, average range of series means 
40 mm Hg), which could be due only to cuff 
placement. That the presence of the tube in 
the aorta might have altered blood flow to the 
legs, and so caused such variations, seems 
doubtful since a similar series using a poly- 
ethylene tube tied into a carotid artery 
showed the same discrepancies. (Carotid can- 
nulated preparations remained functional only 
a few days.) Within the limits imposed by 
cuff placement variation, tensometer and di- 
rect aortic systolic pressures agreed. 

Summary. Method is described whereby 
polyethylene tubes, permanently implanted in 
aorta, may be used routinely for repeated di- 
rect measurement of arterial pressure in un- 
anesthetized rats. 


1. Ablondi, F., SubbaRow, Y., Lipchuck, L., Per- 
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Evidence has been presented that a poly- 
anion is essential for maintenance of ATP lev- 
els in whole rat liver homogenates incubating 
aerobically(1). The “natural” polyanion in 
this system appears to be RNA(2) but other 


* Supported by research grants from Nat. Science 
Fn. and Nat. Inst. of Health and funds through 
State University of N. Y. 


polyanions such as DNA, polyethylene sulfo- 
nate, and heparin may substitute for it(3f. 
ATP levels are not maintained in the presence 
of the polycation protamine presumably be- 
cause of formation of an anion-cation complex 
that renders the essential polyanion unavail- 
able(4). Additional data are presented here 
concerning the specificity of the polycation 
as an inhibitor of the system essential for 
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maintenance of ATP levels in aerobic homo- 
genates. 


Methods and materials. The biosynthetic 
experiments involved preincubation of 5 ml 
aliquots of a 200 xg supernatant fraction of 
rat liver prepared as previously described (1- 
4) with 5 ml amounts of solution containing 
1 mg ATP, 10 mg DPN, 100 mg of sodium 
succinate, and various amounts of protamine 
or other compound studied. Each flask was 
aerated with a stream of oxygen and preincu- 
bated with agitation for 30 min at 37°. Fol- 
lowing preincubation each flask was opened, 
1 ml DL MVA-2-C™ solution added (500 y, 
50,000 cpm), the contents aerated, and the 
flasks then reincubated for an additional 3 
hrs. After final incubation homogenates were 
saponified, extracted with petroleum ether, 
ether extracts dried with sodium sulfate, fil- 
tered, evaporated, taken up in scintillation 
mixture and counted. Reasons have been 
presented previously for a working hypothe- 
sis that conversion of mevalonic acid to non- 
saponifiable material (NSF, largely choles- 
tercl) under the experimental conditions de- 
scribed is a measure of ATP level existing at 
the time homogenates are supplemented with 
mevalonic acid(1). The triethylenemelamine 
(TEM) used was kindly made available by 
Dr. E. L. R. Stokstad, Lederle Laboratories, 
American Cyanamid Co. The trypsinized pro- 
tamine was prepared by treating protamine in 
aqueous solution or in 0.1 M pH 7.0 phos- 
phate buffer with 5% of its weight of crystal- 
line trypsin for 18 hrs at 37° followed by 
heating at 100° for 15 min to inactivate tryp- 
sin. The other compounds studied were 
readily available commercial preparations. 

Results. The data obtained are summar- 
ized in Table I. Inhibitory activity of prota- 
mine (MW 10,000 or less) in the system 
studied is markedly reduced by digestion of 
the protein with trypsin. Polylysine (MW 
4,000) is even more inhibitory than prota- 
mine. Bovine serum albumin (MW 67,000) 
with an isoelectric point (4.8) considerably 
lower than that of protamine(10-12) is not 
inhibitory. Similarly, biosynthesis of NSF 
from mevalonic acid was not influenced by 
predigestion with such small molecular weight 
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TABLE I. Biosynthesis of NSF from Meyalonie 
Acid by Liver Homogenates as Influenced by Pre- 
incubation with Certain Basie Compounds. 


Exp. Material tested ¢pm 
| None 8114 
1 mg protamine 8060 

2 8065 

5 7936 

10 26 

20 25 

1 polylysine 7386 

2 9337 

5 32 

10 22 

20 33 

2 None 7509 
5 mg protamine 8314 

10 48 

20 34 

5 trypsinized protamine* 6694 

10 7264 

20 84 

5) bovine serum albumin 7050 

10 7274 

20 7763 

3 None 5711 
4 mg protamine 6052 

8 21 

12 22 

20 21 

4 trypsinized protaminet 6187 

8 8403 

12 5978 

20 3484 

+ None 9503 
5 mg protamine 9980 

10 31 

20 26 

5 putrescine 8660 

10 8362 

20 7328 

5 spermidine 9037 

10 8285 

20) 7028 

5 spermine 9386 

10 9652 

20 9045 

5 arginine 9708 

10 9089 

20 9937 

5 None 6037 
1 mg TEM 5642 

2 5969 

5 5902 

10 5675 

20 5282 


* Protamine trypsinized in water solution. 
+ Protamine trypsinized in 0.1M pH 7.0 phos- 
phate buffer. 


bases as putrescine, spermidine, spermine, ar- 
ginine, or TEM. 
Discussion. The results obtained are con- 
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sistent with an hypothesis that a polyanion es- 
sential for maintenance of ATP in aerobic ho- 
mogenates of liver is made unavailable by 
high molecular weight polycations. The com- 
bination of large molecular weight and fre- 
quent positive charges seems essential for ac- 
tivity since (a) partial hydrolysis of prota- 
mine by trypsin lowers inhibitory activity, 
(b) bovine serum albumin exceeding prota- 
mine in molecular weight but containing few 
positive charges is not inhibitory, and (c) 
compounds such as putrescine, spermidine, 
spermine, and arginine comparable to prota- 
mine as bases but of relatively low molecular 
weight are not inhibitory. Apparently TEM 
under the conditions studied does not alkylate 
enough groups to reduce the effectiveness of 
the essential polyanion. 

Summary. Conversion of mevalonic acid to 
non-saponifiable material by rat liver homoge- 
nates under conditions where conversion is a 
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valonic eal addition was inhibited markedly | i 
by preincubation with protamine or polyly- | 
sine. Inhibition was less or absent following } 
preincubation with trypsinized protamine, bo- | 
vine serum albumin or a number of small | 
molecular weight bases. The results are in- | 
terpreted as indicating that a combination ot | 
high molecular weight and strong basicity are 1 
essential for inactivation of a polyanion pre- 
viously shown to be essential for maintenance |} 
of ATP levels in liver homogenates. 
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Rose Bengal  (tetraiodotetrachlorfluores- 
cein) is one of the many dyes utilized in eval- 
uation of liver function. Although uptake, 
storage and excretion of Rose Bengal I'*! by 
the liver have been studied extensively, little 
is known of the metabolic processes involved. 
Clearance of Rose Bengal by the liver is im- 
paired by concurrent administration of brom- 
sulfalein (BSP)(1-4), and possibly by bili- 
rubin(5). Recent studies have shown that 
hepatic clearance of BSP and of bilirubin in- 
volves conjugation with cysteine/glutathione 
(6,7) and glucuronic acid(8-10), respectively. 
Such observations suggest that these pig- 
ments may compete with Rose Bengal for ini- 
tial uptake or subsequent metabolism by the 
liver and therefore that the competition may 


* Supported in part by U.S.P.H.S. grant. 
+t U.S.P.H.S. medical student part-time summer 
fellow, 1959. 


take place at a conjugation step. Attempts 
to demonstrate the presence of conjugates of 
Rose Bengal in biological fluids constitute the 
subject of this report. 


Methods. Fresh human bile was obtained 
from 3 subjects with presumably normal liver 
function by means of T-tubes inserted in the 
common bile duct. After collection of control 
samples, 6-10 ml of Rose Bengal (Matheson 
Co.) (8.9 mg/ml) was administered intrave- 
nously; bile was collected at 30 min. intervals 
for 2 hr thereafter. For isotopic studies, 0.1 
mC of Rose Bengal I'*! (Robengatope, 
Squibb) was added to each dose before injec- 
tion. Serum and urine samples were obtained 
from an additional subject with obstructive 
jaundice 45 min after injection of Rose Ben- 
gal. Control specimens were prepared by add- 
ing Rose Bengal im vitro to bile, serum and 
urine in concentrations approximating those 
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TABLE I. Mobility of Pure and Secreted Rose Bengal after Paper Chromatography. 


Re x Sa 
a Rose Bengal Control 
olvent Ratio v/v bile bile* Standard* 
Tert butanol/water “59 pal 3 3 3 
eiafh pal 14 13 14 
Sa Bal 18 18 18 
26 maik 32 32 Be; 
17290 64 63 64 
1.68:1 67 67 67 
Hgile Gal 81 81 80 
SHSS9 1) 100 100 
Tert butanol/water (ammonia atmosphere ) TDs Bal 90 90 90 
Tert butanol/water (acetic acid atmosphere) Igo) gal 50 50 50 
n-butanol/ethanol/water/NH,OH DOr 2.2 65 64 69, 42 
n-butanol/acetie acid/water 4:1:2.7 100 100 
1% NH,OH saturated with isoamyl alcohol 61 59, 38 63, 38 
25% ethanol/5% NH,OH ikl 70 72 82 
Methanol/water IROSs 70 74, 70 83, 74 


* Second value = secondary band. 


found in the experimental samples. All sam- 
ples were frozen and stored at —10°C until 
used. Rose Bengal was extracted and ex- 
traneous proteins were precipitated from bile, 
urine and serum by the addition of 2 volumes 
of acetone. As an alternate procedure on bile 
samples, 0.1 N silver nitrate was used as a 
precipitant and the pigment was redissolved 
in a concentrated sodium chloride solution. 
Bile was initially purified in paired alumina 
columns (1 x 5 cm). Activated alumina (AlI- 
coa) was suspended in 90% isopropyl alcohol 
containing 0.13% ammonium acetate and 
packed by gravity. Acetone extracts of bile 
dried im vacuo were dissolved in a minimum 
volume of the packing solution and added to 
the columns. Rose Bengal was eluted in 80% 
isopropyl alcohol/NH,OH (200:1). Bile ex- 
tracts containing Rose Bengal I'?' were ini- 
tially purified in similar paired alumina col- 
umns using acetone/water (20:1 and 10:1) 
for loading and acetone/water (8:1 and 7:1) 
for elution of pigment. Ascending paper chro- 
matography was performed on all samples be- 
fore and after deproteination and on bile at 
each step of purification, using Whatman 3 
MM paper and various solvent systems as 
listed in Table I. Mobilities of Rose Bengal 
from experimental and control fractions were 
compared by visible color and by fluorescence 
with a short wave ultraviolet Woods lamp 
(model SL 2537, Ultraviolet Products, Inc., 


San Gabriel, Calif.). Chromatograms of Rose 
Bengal I’?! were cut into 1 cm strips which 
were counted in a _ well-type scintillation 
counter. Paper electrophoresis, using 0.25 M 
acetic acid or 0.25 M ammonium hydroxide, 
was performed on acetone-eluted column frac- 
tions from bile. To study the nature of Rose 
Bengal concentrated in the liver, 0.6-1.6 mg 
of the dye per 100 g of body weight was in- 
jected into the inferior vena cava of anesthe- 
tized rats. Animals were sacrificed 10-20 min 
after injection, the liver removed, and the 
pigment extracted by homogenizing the tissue 
in 5 volumes of acidified methylethyl ketone. 
Lipids were removed on the column by ether 
and toluene, and pigment was eluted in the 
isopropyl-alcohol system. Similar extracts, 
prepared by homogenizing the tissue in ace- 
tone/water were subjected to paper chroma- 
tography. Mercaptide conjugation was in- 
vestigated in the perfused isolated liver sys- 
tem described by Brauer, e¢ a/.(11) and by 
Plaa(12). After a 1 hr equilibration period, 
51 wC of cystine-S*® was added to the perfu- 
sion media; bile samples were taken at 30 
min intervals. One hr later, 23.2 mg of Rose 
Bengal was added; bile collection was con- 
tinued. Control and experimental samples, 
each containing an equal number of counts 
per total volume, were extracted and purified 
in paired alumina columns. Column fractions 
of Rose Bengal bile, purified by successive 
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FIG. 1. Effect of pH on absorption of pure and 


secreted Rose Bengal at 545 my (unequal dye con- 
centrations were used). 


paper chromatography, were tested against in- 
ternal standards for glucuronides by the 
Dische reaction(13). 

Results. Absorption spectra at 545 mp of 
pure Rose Bengal were obtained at pH 3-8 
in citric acid-disodium phosphate buffers (Fig. 
1). Absorption increased with increasing pH 
until about pH 5. The pH of maximum ab- 
sorption of secreted Rose Bengal in purified 
bile fractions was displaced to pH 6. Identi- 
cal displacement, however, was observed with 
control samples of bile containing added Rose 
Bengal. 

Chromatography and electrophoresis. Se- 
creted Rose Bengal in bile moved primarily as 
a single, visible fluorescent spot which could 
not be differentiated by extensive combina- 
tions of chromatographic systems (Table I) or 
by electrophoresis from Rose Bengal added 
to bile in vitro. When bile obtained after 
administration of Rose Bengal I'?' was chro- 
matographed in 6 different tert butanol sol- 
vents, mobilities of the visible pigment and ra- 
dioactivity correlated well over a wide range 
of Ry values. 

Rose Bengal in serum, urine and liver. Rose 
Bengal obtained from the serum and urine of 
a subject with biliary obstruction or extracted 
from rat liver was indistinguishable from pig- 
ment added im vitro to comparable control 
specimens. 

Conjugation with cysteine or glucuronic 
acid. Rose Bengal and isotope appeared rap- 
idly in bile following perfusion with cystine- 
S*» and dye. After purification by column 
and paper chromatography, the Rose Bengal 
fraction from both experimental and control 
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bile contained only trace amounts of label. i 
Determination of glucuronide content of | 
highly purified extracts of bile showed that | 
not more than 14% of the Rose Bengal could } 
have been conjugated with glucuronic acid. | 


Discussion. The fact that secreted Rose } 
Bengal was indistinguishable from pigment | 
added to control bile and that significant lev- | 
els of non-pigmented products were not ob-_ 
served after chromatography of secreted Rose | 
Bengal I'*! indicates that the pigment need |} 
not be metabolized on its passage through the 
liver. It is unlikely that metabolites of Rose 
Bengal are formed but subsequently degraded 
in bile since none could be detected either in 
the serum of a patient with an obstructed — 
common bile duct, where regurgitation of the 
metabolites would be expected to occur, or in 
extracts from rat liver obtained shortly after 
injection of the dye. Under both circum- 
stances, BSP metabolites have been reported 
(14). It is emphasized, however, that the 
negative nature of these results does not rule 
out the possibility that secreted Rose Bengal 
is modified but that the modified form could 
not be detected by the chromatographic sys- | 
tems employed in this study. 

In contrast to BSP(6), cystine-S*® was not 
incorporated into secreted Rose Bengal. 
Therefore, competition of the 2 dyes for ex- 
cretion does not occur at the step of mercap- 
tide conjugation in the liver. Also, failure to 
discover a Rose Bengal glucuronide suggests 
that the pigment does not compete with bili- 
rubin at the level of glucuronide conjugation. 

Uptake and excretion of pigments by the 
liver may involve 2 independent mechanisms 
(15,16). Recent experiments as yet unpub- 
lished have shown that BSP is taken up and 
concentrated in the liver as the free pigment 
pricr to its ultimate conjugation as a mercap- 
tide. Conceivably, competition of various 
pigments may occur at this early uptake step 
(17) and thus be comparatively independent 
of the routes required for subsequent conjuga- 
tion. 

Summary. 1. Metabolites of Rose Bengal 
could not be demonstrated in human bile, 
serum or urine or in extracts from rat liver 
by a variety of systems involving paper and 
column chromatography and electrophoresis. 
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2. Conjugation with cystine-S** or glucuronic 
acid was not demonstrable. 3. It was con- 
cluded that Rose Bengal is not conjugated by 
the liver in the same form reported for bili- 
rubin (glucuronides) or bromsulfalein (mer- 
captides). 
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Synthesis and Some Pharmacological Properties of a Peptide Derivative of 


Oxytocin: Glycyloxytocin.* 
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In a series of studies on the relationship be- 
tween structure and biological activities of the 
posterior pituitary hormones and their ana- 
logs and derivatives, we became interested in 
the biological properties of peptide derivatives 
of these hormones, i.e. compounds in which 
the hormones remain unchanged except for 
the attachment of additional amino acids at 
the N- or C-terminal position. As a compara- 
tively simple derivative of this type in which 
the amino group of oxytocin is involved in 
peptide linkage, glycyloxytocin has been syn- 
thesized. 


| on 
H-Gly-CyS-Tyr-iLeu-Glu(NHz,)- | 


Asp(NH,)-CyS-Pro-Leu-Gly-N H, 


Glyeyloxytocin 


Method of synthesis. The protected de- 


* This work supported in part a grant from Nat. 
Heart Inst., U.S.P.HLS. 


capeptide, carbobenzoxyglycyl - S - benzyl - 
L - cysteinyl - L - tyrosyl - L - isoleucyl - L - 
glutaminyl - L - asparaginyl - S - benzyl - L - 
cysteinyl - L - prolyl - 1 - leucylglycinamide, 
which was employed as the intermediate for 
the glycyloxytocin, was prepared from the 
protected nonapeptide previously used for the 
synthesis of oxytocin(1), namely S-benzyl- 
N - carbobenzoxy - L - cysteinyl - 1 - tyrosyl- 
L - isoleucyl - L - glutaminy] - L - asparaginyl- 
S - benzyl - t - cysteinyl - 1 - prolyl - 1 - leu- 
cylglycinamide. For the present experiments, 
this protected nonapeptide was prepared by 
the stepwise synthesis recently described by 
Bodanszky and du Vigneaud(2). To obtain 
the protected decapeptide, the carbobenzoxy 
group was first removed from the protected 
nonapeptide by treatment with HBr in acetic 
acid and the resulting hydrobromide of the 
S,S’-dibenzyl derivative of reduced oxytocin 
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(dibenzyloxytoceine)* was converted to the 
free base and allowed to react with p-nitro- 
phenyl carbobenzoxyglycinate. Removal of 
the carbobenzoxy and benzyl groups from the 
protected decapeptide by treatment with so- 
dium in liquid ammonia yielded the decapep- 
tide in its sulfhydryl form, and oxidation of 
the latter compound by aeration gave glycyl- 
oxytocin. The observation was made that in 
the preparation of glycyloxytocin, oxidation 
to the disulfide requires a much longer time 
than in the case of oxytocin. In the prepara- 
tion of oxytocin, 2 to 4 hours of aeration at 
pH 6.5 are usually sufficient to cause the dis- 
appearance of the reaction with sodium nitro- 
prusside for sulfhydryl groups, whereas 4 
days of aeration were consistently necessary 
for glycyloxytocin. This marked difference 
in the speed of the disulfide bond-forming re- 
action suggests that formation of the 20- 
membered ring may be hindered by the pres- 
ence of the glycyl residue. Glycyloxytocin 
was subjected to countercurrent distribution 
in the system butanol-ethanol-0.05% acetic 
acid (4:1:5) for 950 transfers at which point 
the main component was obtained in a peak 
with a partition coefficient (K) of 0.36. The 
experimental curve plotted from the Folin 
color values was in agreement with a theoreti- 
cal curve calculated for this K value. The 
glycyloxytocin obtained after evaporation and 
lyophilization of the solution showed a single 
ninhydrin spot on paper chromatography. 
Analysis of the material on the starch column 


tIn the original report of this compound by 
Gordon and du Vigneaud (Proc. Soc. Exp. BIOL. 
AND Mep., 1953, v84, 723), it was simply referred 
to as S,S’-dibenzyloxytocin, since it seemed obvicus 
that it would be interpreted as the dibenzy] derivative 
of the reduced form of oxytocin. However, it now 
seems advisable to have a specific name for the re- 
duced form in the nomenclature of the rapidly ex- 
panding number of compounds related to oxytocin 
and vasopressin. We therefore suggest the name oxy- 
toceine for the reduced form of oxytocin and vaso- 
presseine for the reduced form of vasopressin. This 
ncemenclature would be analogous to that of such 
sulfhydryl compounds as cysteine and homocysteine. 
The dibenzyl derivative of reduced oxytocin would 
then be called S,S’-dibenzyloxytoceine and the cor- 
responding derivative of reduced vasopressin, S,S’- 
dibenzylvaso presseine. 


showed the constituent amino acids to be pres- 
ent in the expected ratios, and the elementary 
analytical values were also satisfactory. 

Pharmacological tests. Glycyloxytocin was 
tested for avian depressor activity in compari- 
son with a laboratory standard of highly 
purified oxytocin by measuring the drop 
in blood pressure of the chicken by the 
method of Coon(3), as modified by Mun- 
sick et al.(4). The glycyloxytocin in 
sufficient amount did produce a drop in 
blood pressure, but the variation in rela- 
tive responses to oxytocin and to glycyl- 
oxytocin was so great from bird to bird as 
to preclude a definite assignment of units per 
mg of avian depressor activity for the deriva- 
tive. Furthermore, the character of the re- 
sponse to glycyloxytocin differed from that to 
oxytocin. The drop in blood pressure after 
administration of oxytocin is usually complete 
within 10 seconds and a return to the normal 
level usually takes place within another 10 to 
20 seconds. The response to glycyloxytocin 
is slower, about one minute being required for 
the pressure to reach the lowest level, and the 
return to normal level is much more gradual. 
Occasionally the blood pressure does not re- 
turn to its original level. The ratio between 
the amount of oxytocin and glycyloxytocin 
necessary to produce comparable drops in 
blood pressure varied from 1:170 to 1:650 in 
different birds. After injection of glycyloxy- 
tocin the response to oxytocin or glycyloxy- 
tocin was greatly decreased. In fact, 0.68 pg 
of glycyloxytocin, which in itself produced no 
noticeable change in blood pressure, inhibited 
by 50% the normal response to oxytocin when 
injected simultaneously with 0.04 pg of oxy- 
tocin and had the same effect on subsequent 
doses of this amount of oxytocin administered 
10 minutes later. When larger doses of the 
derivative were injected, almost complete in- 
hibition of the effect of subsequent doses of 
oxytocin resulted. The inhibitory effect 
lasted for some hours, the exact length of time 
depending on the amount of glycyloxytocin 
injected. At higher dose levels the inhibitory 
effect lasted at least 6 hours. Obviously, fur- 
ther studies into the nature of the response are 
necessary for a full understanding of the be- 
havior of this compound in the bird. 


a 
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In the assay for pressor activity(5) in the 
male rat, 120 yg of glycyloxytocin exhibited a 
pressor effect equivalent to 0.018 pg of ar- 
ginine-vasopressin and 1.2 pg of oxytocin, 
respectively. The character of the response 
again differed from that observed with both 
arginine-vasopressin and oxytocin in that the 
rise was much more gradual, taking 10 min- 
utes to reach its peak and from 30 minutes to 
1 hour to return to its former baseline. With 
both vasopressin and oxytocin the rise in 
blood pressure in the rat and the return to 
normal are complete within 15 minutes. At 
these dosages the glycyloxytocin had no in- 
hibitory effect on the pressor response of oxy- 
tocin or arginine-vasopressin, whether the de- 
rivative was injected simultaneously or follow- 
ing injection of the hormone. 


When assayed for oxytocic activity by the 
method of Holton(6) on isolated rat uteri, 
1.7 pg of glycyloxytocin showed a potency 
equivalent to that of 0.004 yg of oxytocin. 
The dose-response curve of glycyloxytocin ap- 
peared to be somewhat different from that of 
oxytocin, the linear portion of the curve hav- 
ing a shorter range than that of oxytocin. No 
inhibitory effect on the uterine-contracting ef- 
fect of subsequent doses of oxytocin was de- 
tected. 

Experimental.+ p-Nitrophenyl Carboben- 
zoxyglycinate. Carbobenzoxyglycine (10.4 g) 
and p-nitrophenol (8.4 g) were dissolved in 
ethyl acetate (150 ml) and treated with di- 
cyclohexylcarbodiimide (10.3 g) at O°. After 
1.5 hours at room temperature the N,N’- 
dicyclohexylurea was filtered off and the sol- 
vent was removed from the filtrate im vacuo. 
The residue was recrystallized from ethanol 
(100 ml) and the crystals were washed with 
ethanol (50 ml); wt. 13.8 g, m.p. 126-128°. 
A recrystallized sample melted at 128°; lit. 
m.p. 128°(7), 124-125°(8). 

Carbobenzoxyglycyl - S - benzyl - L - cys- 
teinyl - L - tyrosyl - L - isoleucyl - L - gluta- 
minyl - L - asparaginyl - S - benzyl - L - cys- 
teinyl - L - prolyl - L - leucylglycinamide. 
The protected nonapeptide, S-benzyl-N-car- 
bobenzoxy - L - cysteinyl - 1 - tyrosyl - L - 


+ The melting points reported are corrected, capil- 
lary melting points. 
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isoleucyl - L - glutaminyl - 1 - asparaginyl - 
S - benzyl - x - cysteinyl - x - prolyl - 1 -leu- 
cylglycinamide (2.6 g)(2), was dissolved in 
acetic acid (20 ml) and 3 N HBr in acetic 
acid (40 ml) was added to the solution. After 
1.5 hours at room temperature the hydrobro- 
mide was precipitated with ether (400 ml), 
filtered off, and washed with ether. After be- 
ing dried briefly over calcium chloride and 
sodium hydroxide at room temperature in 
vacuo the hydrobromide was dissolved in di- 
methylformamide (25 ml) and treated with 
triethylamine (3 ml) and p-nitrophenyl car- 
bobenzoxyglycinate (0.80 g). After one day 
at room temperature the reaction mixture was 
diluted with ethyl acetate (300 ml) and the 
precipitate was washed with ethyl acetate 
(100 ml), ethanol (200 ml), and again with 
ethyl acetate (50 ml); wt. 2.71 g, m.p. 242- 
245° (dec. 246°), [a]?°D -41.5° (¢ 1, di- 
methylformamide). 

Anal. Calcd. for Co7Hg9015Ni352: (G Dorr 
Hi O50 Ni vlgi2s “Pound C2 531005 1 sor0 26 
N, 13.0. 

Glycyloxytocin. The protected decapeptide 
(300 mg) was dissolved in liquid ammonia 
(500 ml) and sodium was added until a blue 
color persisted. Ammonium chloride (0.2 g) 
was then added and the ammonia was allowed 
to evaporate. The residue was dissolved in 
water (500 ml) and the solution was aerated 
at pH 7 until the reaction with sodium nitro- 
prusside was negative, about 4 days being re- 
quired. Acetic acid (0.5 ml) was added and 
the solution was pooled with another similar 
batch. The combined solutions were evap- 
orated in vacuo below room temperature to a 
volume of 30 ml. This solution was placed 
in the first 5 tubes of a 200-tube countercur- 
rent distribution apparatus. A solvent sys- 
tem of butanol-ethanol-0.05% acetic acid 
(4:1:5) was used. After 377 transfers the 
contents of all the tubes except Tubes 80-120 
were replaced with fresh solvent and the ma- 
terial was recycled to effect a total of 950 
transfers. The plotting of the curve from the 
Folin color values(9) indicated the presence 
of one component (K = 0.36). The contents 
of Tubes 14-45 were pooled and 46-80 were 
pooled, and both fractions were evaporated 
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to small volumes, then lyophilized to give 60 
mg and 33 mg of white solid, respectively. On 
paper chromatography in the system butanol- 
acetic acid-water (4:1:5) both fractions ex- 
hibited a ninhydrin-positive spot with an Ry 
value of 0.40. A sample of the glycyloxytocin 
was hydrolyzed in 6 NV HCl for 16 hours at 
110° and subjected to chromatography on 
the starch column(10). The molar ratios be- 
tween the constituent amino acids and am- 
monia were as follows (with the value for leu- 
cine plus isoleucine taken arbitrarily as 2): 
tyrosine 0.9, proline 0.7, glutamic acid 1.0, 
aspartic acid 1.0, glycine 2.0, cystine 1.0 and 
ammonia 3.1. 

Anal. Calcd. for C4;H¢9013Ni3S2: C, 50.8; 
H, 6.54; N, 17.1. Caled. for Cy;H69013Ni359 ° 
C2H,Qs C, 50.2; H, 6.54; N, 16.2. Found: 
CP SOM E659 > IN pa li6k7,. 

Summary. 1) The protected decapeptide 
carbobenzoxyglycyl - S - benzyl - L - cys- 
teinyl - L - tyrosyl - L - isoleucyl - 1 - gluta- 
minyl - L - asparaginyl - S - benzyl - L - cys- 
teinyl - L - prolyl - L - leucylglycinamide was 
synthesized by coupling of the p-nitrophenyl 
ester of carbobenzoxyglycine with S-benzyl- 
L - cysteinyl - L - tyrosyl - x - isoleucyl - L - 
glutaminyl - L - asparaginyl - S - benzyl - 1 - 
cysteinyl - L - prolyl - 1 - leucylglycinamide. 
Removal of the protecting groups followed by 
oxidation to the disulfide gave glycyloxytocin 
which was isolated by countercurrent distribu- 
tion. 2) The pharmacological effects of this 
peptide derivative of oxytocin were investi- 
gated by testing it for avian depressor, pres- 
sor, and rat uterine-contracting activities. 
The sample of glycyloxytocin possessed only 
a slight degree of these 3 activities. It was 
found to exert a marked inhibitory effect on 


the avian depressor activity of oxytocin. On 
the other hand, the glycyloxytocin did not 
show inhibitory action against oxytocin on the 
isolated rat uterus or against oxytocin or vaso- 
pressin in the assay for pressor activity in the 
rat. 3) Thus, the attachment of a glycyl resi- 
due to the free amino group of oxytocin causes 
almost complete loss of its avian depressor, 
rat uterine-contracting, and pressor effects. 
In addition, it is of considerable interest that 
this peptide derivative of oxytocin exerts a 
marked inhibitory action upon the avian de- 
pressor effect of the hormone. 


The authors wish to thank Jcseph Albert for 
microanalyses, David N. Reifsnyder for assistance in 
experiments, Dade Tull for some of the biological 
assays, and Lorraine S. Abrash for analysis of amino 
acids on the starch column. 


1. du Vigneaud, V., Ressler, C., Swan, J. M., Rob- 
erts, C. W., Katsoyannis, P. G., Gordon, S., J. Am. 
Chem. Soc., 1953, v75, 4879; du Vigneaud, V., Ress- 
ler, C., Swan, J. M., Roberts, C. W., Katsoyannis, 
P G,, ibid., 1954, v76, 3115. 

2. Bodanszky, M., du Vigneaud, V., Nature, 1959, 
v183, 1324; J. Am. Chem. Soc., 1959, v81, 5688. 

3. Coon, J. M., Arch. intern. Pharmacodynamie, 
1939, v62, 79. 

4. Munsick, R. A., Sawyer, W. H., van Dyke, 
H. B., Endocrinology, 1960, v66, 860. 

5. Pharmacopeia of U.S. of America, 15th revision, 
Mack Printing Cc., Easton, Pa., 1955, p776. 

6. Holton, P., Brit. J. Pharmacol., 1948, v3, 328. 

7. Bodanszky, M., Acta Chim. Hung., 1957, v10, 
335. 

8. Iselin, B., Rittel, W., Sieber, P., Schwyzer, R., 
Helv. Chim. Acta, 1957, v40, 373. 

9. Lowry, O. H., Rosebrough, N. J., Farr, A. L., 
Randall, R. J., J. Biol. Chem., 1951, v193, 265. 
10. Moore, S., Stein, W. H., zbid., 1949, v178, 53. 


Received June 13, 1960. P.S.E.B.M., 1960, v104. 


Release of Histamine-Like Substance from Mast Cells Following 


Intraperitoneal Administration of Fat Emulsion in Rats.* 


(25941) 


H. H. SHoutpers, Jr.,t anp H. C. MENG 
Depts. of Physiology and Surgery, Vanderbilt University School of Medicine, Nashville, Tenn. 


A disturbing though infrequent reaction to 
intravenous administration of triglyceride 
emulsions in patients is a syndrome character- 
ized by skin flushing, dyspnea, sense of chest 
oppression, cyanosis and lumbar pain(1). 
These symptoms and signs are frequently as- 
sociated with rapid rates of infusion and may 
begin within 1 to 5 minutes; they usually last 
5 to 15 minutes and are followed by complete 
recovery. A subsequent infusion shortly after 
the reaction has abated or a few days later 
produces no further untoward reaction of this 
nature. The anaphylactoid nature of this syn- 
drome suggests that the emulsions may cause 
release of histamine or other substances af- 
fecting smooth muscles. The present study 
was undertaken to clarify this hypothesis. 


Materials and methods. Adult Sprague- 
Dawley rats were chosen for this study be- 
cause it has been stated that the peritoneal 
tissue has abundent number of mast cells with 
high histamine content(2). Emulsions or so- 
lutions used were: (1) a 30% cottonseed oil 
emulsion? in water containing 5% glucose, 
0.5% Demal 14, 0.25% Span 20, 0.5% Tween 
60, 0.1% sodium cholate, 1% Ethofat C/15, 
1% Aldo 28, and 1% purified soybean phos- 
phatides; (2) Lipomul, I.V. (Lot No. 
10680),§ a 15% cottonseed oil emulsion con- 
taining 1.2% purified phosphatides, 0.3% 
Pluronic F-68 and 4% glucose; (3) 5% glu- 
cose in water, (4) 0.85% NaCl; and (5) 48/ 
80, a histamine liberator.|| Each of the above 


* This work was supported by Medical Research 
and Development Command, Office of Surgeon Gen- 
eral, Dept. of Army, and Upjohn Co., Kalamazoo, 
Mich. 

+ Postdoctoral Research Fellow, N.I.H. Present 
address: Vet. Admin. Hospital, Nashville, Tenn. 

t Sources and chemical nature of emulsifying 
agents have been reported(3). 

§ Lipomul, I.V., was kindly supplied by Upjohn 
Co., Kalamazoo, Mich. 

|| Kindly supplied by Wellcome Research Labs., 
Burroughs Wellcome and Co., Tuckahoe, Nay: 


materials was injected in 20 ml volumes in- 
traperitoneally to animals weighing about 125 
g and was left in the peritoneal cavity for 
1-144 hours. The animals were then decapi- 
tated and fluids recovered from the abdominal 
cavity. The emulsions remained in a highly 
dispersed state and were examined for their 
effects on smooth muscles in the preparations 
described below. Samples of mesentery were 
fixed in methanol and stained with the Giemsa 
stain for microscopic examination of mast 
cells(4). Preparation for demonstration of 
bronchiolar constriction. Guinea pigs weigh- 
ing about 500 g were pithed and respiration 
was maintained by air delivered under posi- 
tive pressure through a tracheal cannula at 20 
strokes per minute. A cannula introduced 
into the pleural cavity was connected to a 
tambour which recorded excursions of intra- 
pleural pressures on a moving kymograph 
using the method described by Koessler and 
Lewis(5). Emulsions or fluids which had 
been recovered from the rat peritoneal cavity, 
as well as fresh materials, were injected into 
the left jugular vein of the guinea pig prepara- 
tion. Bronchiolar constriction was indicated 
by sharp diminution in the excursions of the 
tambour lever. Preparation for histamine 
bioassay. The fluid recovered from the rat 
peritoneal cavity was assayed for histamine in 
a muscle bath containing a 2 cm segment of 
distal guinea ileum in 5 ml magnesium-free 
Tyrode’s solution at 37°C(2). Atropine 
(10° M) was added to block spontaneous 
movements and cholinergic effects. Known 
amounts of histamine were added for quanti- 
tation of responses to the recovered emulsions. 
Amplitude of ileal contractions was recorded 
by kymographic tracings. 

Results. Bronchiolar constriction. Fig. 1 
shows the effect of fresh cottonseed oil emul- 
sion and of emulsion recovered from the rat 
peritoneal cavity on the guinea pig prepara- 
tion. The material from the rat peritoneal 
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FIG. 1. Effect of fresh cottonseed oil emulsion, 
emulsion recovered from rat peritoneal cavity and 


histamine on bronchiolar constriction of guinea pig 
preparation. 
FIG, 2. Effect of fresh cottonseed oil emulsion, 


emulsion recovered from rat peritoneal cavity and 
histamine on guinea pig ileal contraction in vitro. 


cavity invariably caused extreme bronchiolar 
constriction characteristic of that observed 
following intravenous injection of histamine. 
Both the 30% cottonseed oil emulsion pre- 
pared in our laboratory and Lipomul, I.V., 
had this effect. Peritoneal fluid obtained by 
injection of 0.85% saline or 5% glucose and 
tested in amounts from 0.1 to 7 ml produced 
no such effect. When as much as 10 ml of 
fresh emulsion were infused only minimal res- 
piratory changes were observed. Clustering 
of the particles of fresh emulsions by addition 
of bovine albumin also caused no bronchiolar 
constriction. In fact, whole cottonseed oil in- 
jected intravenously in amounts of 0.1 to 5 
ml did not produce bronchiolar constriction, 
although the oil in large amounts was often 
fatal, presumably due to fat embolization. 
Contraction of ileum. The assays for his- 
tamine in the peritoneal fluids using the ileal 
preparation are shown in Fig. 2. Four ml of 
the recovered emulsions produced contractions 
of the ileum corresponding to a content of 0.1 
pg of histamine base. However, recovered 
fluids after intraperitoneal administration of 
5% glucose or 0.85% saline contained no 
more than 0.02 pg/ml. The fresh emulsions 
caused no contraction of the ileal prepara- 
tions. Addition of 0.1 mg of an antihista- 
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mine, Phenergan® (promethazine hydro- 
chloride) to the muscle bath generally blocked 
the contractions caused by the recovered 
emulsions, although in occasional experiments 
this was not complete, suggesting presence of 
substances other than histamine causing 
smooth muscle contractions. 

Changes in mast cells. Sections of mesen- 
tery showed greatly diminished numbers of 
mast cells after treatment with the emulsions 
and with 48/80. Many cells appeared to have 
been disrupted (Fig. 3). The peritoneal 
stroma did not appear otherwise altered. Nor- 
mal mast cells were seen after injection of 5% 
glucose and 0.85% saline. 

Discussion. Results indicate that intraperi- 
toneal administration of triglyceride emul- 
sions caused release of histamine, presumably 
from mast cells of the peritoneum. Since an- 
tihistamine did not always completely block 
activity of recovered emulsions, other vaso 
active substances such as 5-hydroxy-trypta- 
mine may have also been liberated. These 
findings suggest that release of agents affect- 
ing smooth muscle may play an important role 
in development of ‘“anaphyloctoid” reactions 
occasionally observed immediately following 
initiation of intravenous infusion of fat emul- 
sions in patients. The results clearly indicate 
that the emulsion itself has no direct action 
upon ileal smooth muscle im vitro nor upon 
bronchiolar musculature in the pithed guinea 
pig. 

It has been shown that non-ionic detergents 
of the ‘““Tween” series release histamine when 
injected intravenously into dogs(6). The pres- 


A 5 B 


FIG. 3. A. Mesentery of a rat showing normal 
mast cells. B. Mesentery of a rat 60 min. after in- 
traperitoneal administration of cottonseed oil emul- 
sion showing disrupted mast cells (Giemsa stain). 


IRRADIATION in vitro ON, CALCIFYING MECHANISM 


ent study shows that cottonseed oil emulsion 
containing other non-ionic detergents are 
capable of releasing histamine and perhaps 
S-hydroxy-tryptamine from tissue cells in 
rats. 

Summary. ‘Two triglyceride emulsions pre- 
pared for intravenous use in man have been 
examined for ability to release histamine from 
tissue mast cells in rat peritoneal cavity. The 
emulsions themselves had no direct action 
upon smooth muscle. Intraperitoneal injec- 
tion of these materials caused rupture of the 
mast cells. The fluid recovered from the peri- 
toneal cavity produced bronchiolar constric- 
tion in the pithed guinea pig and contraction 
of guinea pig ileum in vitro, indicating a sig- 
nificant histamine content. It is suggested 
that histamine release may play an impor- 
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tant role in development of the occasional 
‘“anaphyloctoid” response following intrave- 
nous infusion of triglyceride emulsions in pa- 
tients. 
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Effects of Irradiation in vitro on Calcifying Mechanism of Epiphyseal 


Cartilage.* 
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The calcifying mechanism of vertebrate 
bone, responsible for deposition of apatite 
crystals in the organic matrix, has been asso- 
ciated with a specific type of ground substance 
(1), mucopolysaccharide(2), a specific form 
of collagen(3,4,5) or collagen in combination 
with mucopolysaccharide(6). Proteins and 
polysaccharides have been found to undergo 
changes when irradiated with x-rays at suf- 
ficiently high dose levels(7,8). Thus, it was 
considered likely that irradiation could be 
used as a tool for study of the calcifying 
mechanism. The present investigation is a 
study of effects of irradiation im vitro on cal- 
cifiability and metachromatic staining proper- 
ties of epiphyseal cartilage of rachitic rats. 
The metachromatic staining was undertaken 
on fresh sections to observe the system un- 
altered by histological technics. The effect of 
irradiation was also studied on rachitic speci- 
mens in which the initial phase of calcifica- 


* This investigation supported by contract from 
U. S. Atomic Energy Comm. 


tion had begun. Such sections will be re- 
ferred to in this paper as nucleated.t Ra- 
chitic epiphyseal cartilage was used because 
it is a convenient system for study of the cal- 
cifying mechanism im vitro and has been used 
extensively for studying the intimate mechan- 
ism responsible for mineralization(9,10,11). 
When rachitic epiphyseal cartilage is incu- 
bated in serum of normal young animals, or in 
inorganic solutions containing physiological 
concentrations of calcium and phosphate, min- 
eralization occurs only in the hypertrophic 
zone with the same histological distribution as 
occurs im vivo. 

Materials and methods. Albino rats, 21 
days old, were weaned and maintained for 3 
weeks on a modified rachitogenic diet No. 2, 
U.S.P. The animals were then sacrificed by 


t Nucleated section refers to presence of nuclei 
of crystallization, which are initial submicroscopic 
aggregates of Ca and P which can serve as a center 
about which depositicn ef bone mineral may occur 
under appropriate conditions(13). 
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a blow on the head: Fresh sections including 
epiphysis and metaphysis, 0.1-0.3 mm thick, 
were cut free-hand in a frontal plane from 
proximal part of the tibias. A minimum of 
7 intact sections was obtained from the tibias 
of each animal. Each section was treated by 
one of the following procedures: (a) Unir- 
radiated section stained with silver by the von 
Kossa method to demonstrate initial state of 
calcification at time of sacrifice. (b) Unir- 
radiated section incubated in calcifying solu- 
tion for 18 hours, then stained with silver, to 
demonstrate maximum calcifiability under the 
conditions used. (c) Irradiated sections incu- 
bated for 18 hours in calcifying solution, then 
stained with silver. (d) Unirradiated sections 
heated at 65° for 15 minutes, incubated in 
calcifying solution for 18 hours, and stained 
with silver. This heat treatment results in 
inactivation of the calcifying mechanism, yet 
does not interfere with subsequent growth of 
crystals if nuclei of crystallization are already 
present(11). (e) Unirradiated section incu- 
bated in calcifying solution for 30 minutes to 
produce nuclei of crystallization, then treated 
asin (d). This is a control of the nucleation 
test. (f) Unirradiated and (g) irradiated 
sections stained with toluidine blue. The zm 
vitro calcifying solution contained 9 mg % 
Ca and 5 mg % P. Its preparation and the 
technics used for in vitro calcification have 
been described(12). Degree of calcification 
was assessed by microscopic examination of 
the silver stained specimens. Sections were 
irradiated on moistened filter paper placed in 
glass vials which were set in cylindrical lead 
shields mounted on a Philips x-ray diffraction 
unit. The open end of the vial faced the x- 
ray tube. The radiation used was the un- 
filtered output of a copper target x-ray tube 
operated at 40 Kv and 18 ma. Dosage rate 
at the position of the specimen was 880,000 
R/hr as measured with a Victoreen R-meter. 
While specimens were irradiated, control sec- 
tions were kept on moist filter paper. The 
animals were divided into 2 groups depending 
on whether or not nuclei of crystallization had 
developed, as demonstrated by procedure (d). 
Epiphyseal cartilage showed little or no cal- 
cification by procedure (a), even when nu- 
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TABLE I. Effect of Irradiation on In Vitro Calci- 
fiability of Rachitie Epiphyseal Cartilage. 


Degree of calcification” 
Non-nucleated Nucleated 


Irradiation sections sections 
Control 4.0 4.0 
100,000 R and below 4.0 (10) 

250,000 R 2.9 (11) 3.2 (10) 
500,000 R et GLS)) 3.0 (10) 
1,000,000 R .2 (19) 2.3 (10) 


2,000,000-4,000,000 R 


* Figures represent avg for number of sections 
indicated in parentheses. For each animal, degree 
of calcification of control sections treated as in (b) 
was assigned an arbitrary value of 4. Degree of 
calcification of experimental sections was graded 
by comparison of area of calcified cartilage with 
that of control (b), and assigned a value from 0 
to 4. 


cleation had occurred. Animals with nuclea- 
tion usually had a fluctuating weight record. 
Formation of such nuclei is believed to occur 
during a period of increased serum inorganic 
phosphate concentration associated with loss 
of body weight(13). To study the effect of 
irradiation on the mucopolysaccharide-pro- 
tein complex of cartilage, sections (f) and (g) 
were compared after staining supravitally for 
15 minutes in 0.2 ml of a solution containing 
0.01% toluidine blue in 0.01 M acetate buffer 
at pH 3.4. Final pH was 4.4-4.8 due to 
buffer capacity of the tissue. After staining, 
the sections were rinsed very briefly in dis- 
tilled water and examined immediately. 


Results. Effect on in vitro calcifiability. 
The effect of 7m vitro irradiation on calcifia- 
bility of rachitic epiphyseal cartilage is sum- 
marized in Table I. Preliminary experiments 
indicated that doses of up to 100,000 R had 
no detectable effect on calcifiability. In the 
absence of nuclei of crystallization there was 
a small decrease of calcifiability following 
250,000 R, there was a marked decrease after 
500,000 R and almost a complete loss follow- 
ing 1,000,000 R. Calcifiability was affected 
to a lesser extent in sections which were nu- 
cleated before irradiation. After irradiation 
of 2,000,000 to 4,000,000 R, nucleated sec- 
tions still retained almost half their ability to 
calcify. 

Effect on toluidine blue staining. In unir- 
radiated sections (f) the small cells of the 
proliferative zone of epiphyseal cartilage were 
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filled with coarse granules exhibiting 8-meta- 
chromasia (purple staining), whereas the 
large cells in matured and hypertrophic zones 
were filled with fine y-metachromatic (pink- 
staining) granules. Capsules of the cells of 
the proliferative zone were not well stained, 
whereas capsules of the hypertrophic cells 
showed a y-metachromasia. Under the condi- 
tions used, staining of the cartilage matrix 
(except for the capsules) was negligible. 

After irradiation with 250,000 R, there was 
a loss of metachromatic granules from some 
of the cells of the proliferative region and a 
small, but more general decrease in staining 
in the hypertrophic region. After irradiation 
with 500,000 R, granules were lost from most 
of the cells of the proliferative zone and from 
some of the hypertrophic cells. In general, 
staining was more diffuse, and in some areas 
the matrix stained. After irradiation with 
1,000,000 R, neither cartilage cells nor matrix 
stained. 

These results can be correlated with the 
color of the residual staining solution after 
removal of tissue. The toluidine blue solu- 
tions used on sections treated with 1,000,000 
R were purple whereas those used on sections 
treated with 500,000 R and 250,000 R were 
blue with a purple tinge. The toluidine blue 
solutions used on control sections showed lit- 
tle if any change in color. 

Discussion. The calcifying mechanism of 
rachitic epiphyseal cartilage was inactivated 
by in vitro irradiation at high dosages. 
There was less inactivation in specimens nu- 
cleated before irradiation. Inactivation of the 
calcifying mechanism by heat or chemical 
means was reduced or prevented in sections 
with nuclei of crystallization(11). These re- 
sults may be interpreted as indicating that a 
critical phenomenon in calcification is some 
change in the intercellular matrix capable of 
inducing formation of submicroscopic nuclei 
of crystallization. This nucleating mechanism 
appears to be most sensitive to x-ray, heat, 
and chemical inactivation. Once nuclei have 
been formed, the remainder of calcifying 
process is more resistant to inactivation. The 
moderate reduction in calcifiability of nu- 
cleated sections following irradiation may in- 
dicate that the nuclei have some sensitivity to 


x-irradiation. Another possibility is that the 
nuclei were not present in sufficient quantity 
before irradiation to effect complete calcifica- 
tion on subsequent incubation in calcifying 
solution. 

The staining of fresh sections of epiphyseal 
cartilage with toluidine blue differed markedly 
from that seen in similar tissues prepared by 
usual histological methods (e.g., fixation in 
formalin, Carnoy, or Rossman solutions, fol- 
lowed by embedding in paraffin). With the 
toluidine blue solution used in our investiga- 
tion, the matrix of fresh cartilage did not 
stain, whereas that of fixed cartilage usually 
stained. Conversely the metachromatic gran- 
ules were clearly seen in fresh tissues, but 
were broken up or absent in fixed tissues. The 
histological treatment resulted in a disrup- 
tion of the granules and possibly, diffusion of 
their material into the matrix. In addition, 
the histological treatment may have freed 
bound electronegative groups in the matrix 
which may have been present but masked. 

In unirradiated sections (f) stained with 
toluidine blue, the difference in appearance of 
the granules in the cells of the proliferative 
and hypertrophic zones was striking. As the 
chondrocyte matures and hypertrophies, the 
relatively large @-metachromatic granules 
abruptly differentiate into small y-metachro- 
matic granules. 

Metachromasia is presumably due to pres- 
ence of free electronegative surface charges 
(14). The change in type of metachromasia 
of the granules probably reflects an increase 
in number of free sulfate or carboxyl groups 
in the mucopolysaccharides, and/or a redis- 
tribution of these groups more favorable for 
metachromasia. 

The occurrence of metachromasia in the 
staining solutions coincident with loss of gran- 
ules in the irradiated sections suggests that 
the metachromatic substance was not de- 
stroyed by irradiation, but became soluble in 
the staining solutions. This could be due to 
breaking of | mucopolysaccharide-protein 
bonds, depolymerization, and increased per- 
meability of the cell membrane. 

The effects of irradiation on y-metachro- 
matic granules and capsules of the calcifiable 
hypertrophic zone occurred in the same dose 
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range as the effect on calcifiability. This is in 
contrast to the effects on #-metachromatic 
granules of the non-calcifiable proliferative 
zone which were practically complete after 
lower doses of irradiation that only partly in- 
activated the calcifiability. The appearance 
of the y-metachromasia in the tissue when it 
becomes calcifiable, and the similar sensitivity 
of the y-metachromatic material and calci- 
fiability to irradiation, suggest that a relation- 
ship may exist between them. 


Summary. 1. X-irradiation of rachitic epi- 
physeal cartilage with 250,000 R resulted in 
small decrease in calcifiability, loss of @-meta- 
chromatic granules from some cells of the pro- 
liferative zone, and a slight general decrease 
in staining of the hypertrophic zone. X-ir- 
radiation with 500,000 R resulted in marked 
decrease in calcifiability, loss of most of the 
8-metachromatic granules from the prolifera- 
tive zone, and loss of y-metachromatic gran- 
ules from some cells of the hypertrophic zone. 
X-irradiation with 1,000,000 R resulted in 
almost complete loss of both calcifiability and 
stainability with toluidine blue. 2. Toluidine 
blue staining of fresh sections of epiphyseal 
cartilage was employed for demonstration of 
metachromatic substances. 3. Once the proc- 
ess of calcification had been initiated, the in- 
activating effect of irradiation on calcifiability 
was considerably reduced. 4. A change in 
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mucopolysaccharide resulting in increase of 
free electronegative groups is a factor asso- 
ciated with calcifiability of epiphyseal carti- 
lage. 
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Estrogen Antagonisms: Inhibition of Estrone-Induced Uterine Growth and 


Vaginal Smear Effects with Testosterone Derivatives. 
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RicHarp A. EDGREN 
Division of Biological Research, G. D. Searle and Co., Chicago, III. 


19-Nortestosterone derivatives are highly 
potent antagonists of uterine growth and va- 
ginal smear effects of estrogens(1). Lengthen- 
ing of the chain at carbon 17 increased _po- 
tency in straight-chained forms to ethyl, be- 
yond which potency decreased, and unsatura- 
tion affected potency which seemed increased. 
Data are now available on natural forms of 
certain of these materials, allowing compari- 
son of structure-activity relationships between 


19-nor and natural derivatives of testosterone. 

Materials and methods have been described 
(1). Briefly, in uterine weight studies, vari- 
ous doses of test compound were administered 
mixed with 0.3 yg of estrone in 0.3 ml of corn 
oil. 0.1 ml of the mixture was injected daily 
for 3 days and mice were sacrificed 24 hr after 
final injection. At autopsy the cleaned, 
blotted uteri were weighed on a torsion bal- 
ance. Dose of test compound that was esti- 
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mated to produce 50% depression in uterine 
response to the estrone was employed for com- 
parative purposes. Estrone at 0.3 pe gener- 
ally produces a uterus weighing 35 mg; oil 
treated mice average 10 mg uterine weight. 
After 4 days of treatment, vaginal smears 
were taken from spayed mice on days 5 p.m. 
and 6 a.m.(2). The presence of leukocytes in 
fresh smears was the criterion of activity(3). 
All mice received 2 yg of estrone which gen- 
erally produces about 90% smears lacking 
leukocytes, and dose of antagonist estimated 
to produce 50% depression in this response 
was employed for comparative purposes. 

Results. For beth tests progesterone is 
standard estrogen antagonist and has been as- 
signed a potency of 100%. All 17-substituted 
testosterones studied were active antagonists 
(Table I), although their potencies were ex- 
tremely low. In both tests methyl testosterone 
was most potent, free testosterone and ethyl 
being considerably less so. In uterine growth 
test ethyl testosterone seems somewhat more 
potent than vinyl or ethynyl, but this is not 
supported by vaginal smear studies in which 
ethyl, vinyl and ethynyl are essentially indis- 
tinguishable. Results in the two tests show 
close correspondence of potencies, such as has 
been found for entire 19-nortestosterone se- 
ries. 

Comparison of results from this test and 
those from studies with 19-nortestosterones is 
TABLE I. Potencies of Various Testosterone De- 
rivatives as Antagonists of Uterine Growth Effects 


of 0.3 wg of Estrone and Vaginal Smear Effects of 
2 we of Estrone. 


Potency as estrogen antagonist 


Uterine growth Vaginal smear 


test test 
Compound N* Poteney Nt Potency 
Progesterone 24(7) 100 141 (4) = 100 
Testosterone 14 (3) 7 137 (4) 80 
Methyl 17 (4) 23 103 (3) = 180 
Ethyl 11 (2) 14 56 (2) 22 
Vinyl 12 (3) 7 Br (2) eer 
Ethynyl 11 (3) 8 103 (3) 27 


* No. before parentheses indicates No. of groups 
of 8-10 mice employed in estimation of potency of 
compound; No. in parentheses indicates No. of 
tests in which compound was studied. 

+ No. in front of parentheses indicates total No. 
of vaginal smears employed in estimation of po- 
tency; parenthetical No. is No. of tests in which 
material was evaluated. 
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TABLE II. Comparison of Estrogen Antagonistie 

Potencies of 19-nor and Natural Analogues of Tes- 

tosterone Derivatives in Mouse Uterine Growth and 
Vaginal Smear Studies. Progesterone = 100%. 


Potency 


Uterine growth Vaginal smear 


Compound Natural 19-nor* Natural 19-nort+ 
Testosterone 7 40) 80 170 
Methyl 23 880 130 1800 
Ethyl 14 1250 22 2100 
Vinyl i 460 27 910° 
Ethynyl 8 800 27 910 


* Data from(1). 


instructive (Table II). In each case and in 
both tests 19-nor configuration is considerably 
more potent than natural. In natural series, 
methyl testosterone is most potent compound, 
whereas activities continue to rise to ethyl in 
19-nor series. These data indicate that bio- 
logical effects of modifications of testosterone 
molecule at carbon 17 are intimately related 
to presence or absence of angular methyl 
grouping at carbon 10. This would suggest 
that both positions are involved in attachment 
of molecule to whatever receptor site is in- 
volved in estrogen antagonisms. This is not a 
unique finding here, since earlier studies with 
compounds related to progesterone showed 
that although neither 6a-methyl progesterone 
nor 17-acetoxyprogesterone was markedly 
different in potency from progesterone itself, 
6a-methyl-17a-acetoxyprogesterone was al- 
most 3 times more potent than progesterone 
(3). In the present series free testosterone 
and ethyl, vinyl and ethynyl testosterone are 
all of roughly similar potencies, whereas 
cleavage of the angular methyl grouping at 
carbon 10 (19-nor configuration) results in 
major differences in potency among these 4 
materials. 

Summary. Free testosterone, and its me- 
thyl, ethyl, vinyl and ethynyl derivatives were 
tested as antagonists of estrone-induced uter- 
ine growth and vaginal smear changes. Me- 
thyl testosterone was most potent of the com- 
pounds; there were no major potency differ- 
ences among remainder. These findings are 
in contrast to 19-nor derivatives, which are 
considerably more potent and among which 
the ethyl is most potent. 


+ In preparation, 
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Estrogen Antagonisms: Effects of Several Steroidal Spirolactones on 


Estrogen-Induced Uterine Growth in Mice. 


(25944 ) 


RicHArp A. EpGREN AND RICHARD L. ELTON 
Division of Biological Research, G. D. Searle and Co., Chicago, Il. 


There has been continuous growth of inter- 
est in compounds that antagonize renal action 
of aldosterone. Pharmacology of the first of 
these agents to be discovered was summarized 
by Kagawa, Sturtevant and Van Arman(1), 
who noted briefly that SC-5233, 3-(3-oxo- 
178 - hydroxy - 4 - androsten - 17a - yl) propi- 
onic acid y-lactone was inactive as estrone an- 
tagonist. Recently, interest has shifted to 19- 
nor (SC-8109) and 7a-acetylthio (SC-9420) 
derivatives of SC-5233(2,3). Since Hertz and 
Tullner(4) were able to demonstrate proges- 
tational activity for SC-5233 and SC-8109, it 
seemed worthwhile to study these materials 
as estrone antagonists. In addition to these 
3 compounds, several other steroidal spirolac- 
tones have been studied. Chemistry of these 
materials has been discussed by Cella and his 
colleagues (5,6,7). 

Materials and methods. Structural formu- 
lae for the compounds tested are presented in 
Fig. 1. Each substance was tested initially 
at a dose of 1000 pg, against 0.3 pg of estrone, 
following technic described  earlier(8). 
Briefly, immature mice received test com- 
pound mixed with the standard dose of es- 
trone in 3 daily injections, each containing % 
of the total doses indicated in this paper. 
Twenty-four hrs after final injection mice 
were sacrificed and cleaned uteri weighed on 
a torsion balance. Compounds were com- 
pared at doses estimated to produce a 50% 
depression in response expected from estrone 
alone. Earlier experiments, including certain 
studies dealing with SC-8109, employed Rock- 
land mice and method of evaluation has been 
discussed(8). Most studies to be described 
here employed Carworth mice obtained from 


Small Animals Farms, Des Plaines, Ill., which 
responded with greater increment of uterine 
growth. Three groups of 10 animals each 
that received only estrone averaged 46.3 mg 
uterine weight; oil-treated controls averaged 
9.4 mg. Thus, dose of material estimated to 
produce uterine weight response of 28.4 mg, 
which corresponds to a 50% depression, was 
employed for comparison, and any material 
that failed to produce this level was consid- 
ered inactive. In contrast to earlier studies 
no material considered as inactive here pro- 
duced any suggestion of inhibition. Proges- 
terone, standard in this test, produces 50% 
depression at a dose of about 40 pg. Sec- 
ondary testing of each compound progressed 
by decreasing dose at increments of about 4% 
until activity was lost. Progestational po- 
tencies were determined from subcutaneous 
Clauberg test(8). For purposes of compari- 
son, potencies were based upon doses that 
produced a +2 response. 
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FIG. 1. Structural formulae for various spirolac- 
tones tested as estrone antagonists in a mouse 
uterine growth assay. 
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TABLE I, Comparison of Estrogen Antagonistic, 
Progestational and Aldosterone Antagonistic Po- 


tencies of a Series of Steroidal Lactones. I = in- 
active. 
Estrogen Progesta- 
antagonist tional Aldosterone 
Compound potency potency antagonist* 
Progesterone —- 100 100 1.3 
SC-5233 I 100 22 
8109 100 2000 088 
9053 10 >2.4 
9052 4 8 
9420 I i 30 
4988 if It > 2.4 
5018 it I 4 
4939 iL I ie 
7887 It a 


* Data from C. M. Kagawa. Figures represent 
median effective doses. 


Results. SC-5233, which might be consid- 
ered as parent compound in series, was totally 
inactive as estrone antagonist, confirming 
Kagawa et al.(1), whereas 19-nor-analogue 
was most potent of series, being about 100% 
progesterone (Table I). Dihydro-19-nor de- 
rivatives were considerably less potent, 58 
isomer being about 10% and 5a isomer being 
approximately 4% progesterone. These 
structure-activity relationships correlate with 
those found for relatives of 19-nortestosterone 
(8) in which 19-nor configuration generally 
increased potency, and 4,5 dihydro deriva- 
tives were less potent than the A* materials. 
In dihydro-19-nortestosterone series only iso- 
mers with hydrogens at £ position at carbons 
5 or 10 were active; in present study the 58 
material (SC-9053) was more potent than the 
5a isomer (SC-9052). 7a-Acetylthio grouping 
(SC-9420) was accompanied by loss of pro- 
gestational, but not anti-aldosterone activity. 
No other structural modification was com- 
mensurate with activity. 

These studies show no clear correlation be- 
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tween estrogen-antagonistic, progestational or 
anti-aldosterone activities. SC-5233 has pro- 
gestational and anti-aldosterone properties, 
but it is not an estrogen antagonist, whereas 
its 4,5-dihydro-58 derivative (SC-9053), 
while maintaining considerable estrogen an- 
tagonistic potency, is less than '4 as potent 
as progesterone as anti-aldosterone. Reverse 
is true of 7a-acetylthio form (SC-9420) which 
lacks anti-estrogenic and progestational but 
retains anti-aldosterone effects. 19-Nor de- 
rivative (SC-8109) is relatively potent in all 
3 areas. 

Summary. A series of steroidal spirolac- 
tones, of interest for their aldosterone an- 
tagonistic actions, were tested as estrogen an- 
tagonists in a mouse uterine growth test. 
The 2 activities did not appear to be corre- 
lated. Progestational activity similarly 
showed no direct relationships. Structural re- 
quirements for estrogen antagonistic potency 
are discussed. SC-8109 and 2 other 19-nor 
derivatives of SC-5233, 3-(3-oxo-17-hy- 
droxy-4-androsten-17a-yl)propionic acid y- 
lactone, were estrogen antagonists. 
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Cytotoxic Effect of Leukemic Guinea Pig Plasma on Normal Guinea Pig 


Spleen Cell Tissue Cultures.* 


(25945) 


Criaus W. JUNGEBLUT AND HELEN Kopza 
Dept. of Microbiology, College of Physicians & Surgeons, Columbia University, N. Y. C. 


Congdon and Lorenz(1) described occur- 
rence of acute lymphocytic leukemia in an 
inbred strain (#2) of guinea pigs. The dis- 
ease was characterized by widespread leuke- 
mic involvement of the entire hematopoietic 
system, with high blast cell counts in the peri- 
pheral blood, and could be transmitted by 
transfer of tumor tissue. We have previously 
shown that the disease can be reproduced in 
first generation hybrids, originating from 
crossmating susceptible strain #2 with resis- 
tant Hartley guinea pigs(2), and that trans- 
mission succeeds equally well with leukemic 
plasma or with leukemic spleen extract(3). 
This paper reports a cytotoxic effect which 
may be observed when plasma from leukemic 
guinea pigs is added to normal guinea pig 
spleen cells growing in primary tissue culture. 

Materials and methods. WLeukemic plasma 
was prepared from centrifuged heparinized 
blood; the blood was drawn from hybrid 
guinea pigs (strain #2 x Hartley, F,), inocu- 
lated with leukemia L2C, at height of the dis- 
ease. Two cycles of cold centrifugation at 
5500 rpm for 20 minutes were used to sepa- 
rate plasma from cellular elements of the 
blood. Plasma prepared by the same method 
from uninoculated hybrid guinea pigs served 
as control. Tissue cultures were prepared in 
square, rubber-stoppered flasks from finely 
minced, embryonic or adult normal guinea 
pig spleens (Hartley strain); the cells were 
suspended in medium 199 which contained 
15% normal horse serum, human serum or 
guinea pig serum (plus antibiotics). Flasks 
were incubated at 37°C and fluid was re- 
placed thrice weekly with fresh medium. 
When continuous monolayers of fibroblasts 
and epithelial-like cells had developed— 
usually after 12 to 20 days—freshly harvested 
leukemic plasma was added in a volume of 0.5 


* Aided by grants from Leukemia Society, N.Y.C., 
Am. Cancer Soc., and Nat. Cancer Inst. (PHS grant 
C-4368). 


ml to 10 ml of tissue culture fluid. The flasks 
were reincubated and cell sheets were exam- 
ined microscopically during the next few days 
for morphological changes. It goes without 
saying that rigid sterility was maintained 
throughout all experiments. 

Results. Twenty different samples of leu- 
kemic plasma were tested as described above. 
Fourteen samples produced a definite destruc- 
tive effect which was noted after 24 to 72 hr 
contact between leukemic plasma and tissue 
culture cells. This effect began with in- 
creased granularity, vacuolization and cutting 
off of groups of spindle cells; in later stages, 
this was followed by more or less complete 
disintegration of both fibroblastic and epi- 
thelial-like cells, terminating with exfoliation 
of the sheet when the effect was maximal 
(Fig. 1-4). A similar effect was noted in one 
experiment with leukemic serum and in 3 out 
of 4 experiments in which twice centrifuged 
leukemic spleen extract was used as inoculum. 
Normal guinea pig plasma, or serum, pro- 
duced no deleterious effects on the cells. More- 
over, when leukemic plasma which proved 
fully active on normal guinea pig spleen cell 
cultures was added to established cell lines of 
leukemic guinea pig spleen cell, HeLa cell or 
human amnion cell cultures or to primary 
whole embryonic mouse cell cultures, no cyto- 
toxic effects were seen. A certain degree of 
specificity of the phenomenon is therefore ap- 
parent. 


The cytotoxic factor in leukemic serum was 
filtrable through a Millipore membrane of 
0.45 » porosity and was thermostabile up to 
one half hour heating at 65°C. ‘Titration of 
leukemic plasma indicated a maximal potency 
up to a 1:500 dilution. Attempts were made 
in 5 experiments to maintain the cytotoxic 
effect over serial tissue culture passages; how- 
ever, in no case did transfers succeed beyond 
the quantitative limits of potency of the ori- 
ginal inoculum. The results were no different 
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FIG. 1. Normal adult guinea pig spleen cells growing in primary tissue culture (control). 
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FIG. 2. Early cytotoxic effect produced by leukemic guinea pig plasma. 
FIG. 3. More advanced cytotoxic effects produced by leukemic guinea pig plasma. 
FIG. 4. Maximum cytotoxic effeet produced by leukemic guinea pig plasma. 


when tissue cultures were used which had been 
prepared from strain #2 embryonic guinea pig 
spleens suspended in strain #2 serum. In 4 
different experiments susceptible guinea pigs 
were injected with tissue culture material rep- 
resenting cells or fluids from flasks with cyto- 
toxicity. None of 6 animals in this group de- 
veloped clinical signs of leukemia during 3 
months observation and none resisted subse- 
quent challenge with leukemic material. 
Discussion. It is, of course, generally rec- 
ognized that certain samples of normal hu- 


man or animal sera may be toxic for certain 
cells in tissue culture(4,5). On the other 
hand, cytopathogenic activity, which is seri- 
ally transmissible in tissue culture passages, 
has been observed in controlled experiments 
in which leukemic material was introduced 
into suitable tissue culture media. Such ef- 
fects have been reported by Dmochowski e¢ al. 
(6) with monkey kidney cell cultures inocu- 
lated with cell-free extracts from human leu- 
kemic lymph nodes and by De Carvalho(7) 
who inoculated primary human amnion cell 
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cultures with RNA extracted from human leu- 
kemic tissues. Further efforts by these au- 
thors to identify these cytopathogenic agents 
by injection of mice with tissue culture ma- 
terial led to inconclusive results with one in- 
vestigator(6) whereas the other(7) recorded 
a significant incidence of leukemia in the in- 
jected animals. It is against this background 
of experimental experience by others that our 
own results appear to be of interest. Judging 
from our data, there seems to be no question 
that leukemic guinea pig plasma or spleen ex- 
tract, both of which are capable of transmit- 
ting the disease in susceptible guinea pigs, 
contain quite frequently a factor which de- 
stroys normal cells of the same species in tis- 
sue Culture. Yet, our work offers no evidence 
to show that this factor is self-replicating in 
vitro or will induce transformation of normal 
host cells into malignant cells in tissue cul- 
ture. The nature of the cytotoxic factor, 
therefore, remains unknown. It is possible 
that it represents a nonspecific by-product of 
the disease, due to some metabolic disturb- 
ance, which accumulates in blood and tissues 


Weight of Adrenal Glands of Cats. 


Cat ADRENAL WEIGHTS 


at the height of the leukemic process. 

Summary and conclusions. A cytotoxic ef- 
fect is described which occurs when leukemic 
guinea pig plasma is added to normal guinea 
pig spleen cells growing in primary tissue 
culture. The nature of the cytotoxic factor 
is unknown. 
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Jones(1) states that “A vast amount of in- 
formation has been collected about organ 
weights of the laboratory rat, a fair amount 
for man, the guinea pig and dog, some for the 
rabbit, cat, mouse and hamster...” Since 
knowledge of the weights of endocrine glands 
is often of great help in estimating functional 
status, and data on weights of adrenals of the 
adult domestic cat are none too plentiful, we 
are here reporting on a larger series of cats 
than has heretofore been published. Only 5 
papers were found in the literature giving data 
on weight of cat adrenals, and in only 2 of 
these is there anything like an adequate series. 
Latimer(2) reports on 52 males and 52 fe- 
males, with adrenal weight-body weight ratios 
of 0.140 and 0.150 g/kg respectively. Butter- 


worth and Mann(3), in connection with an- 
other study, give data on 41 males and 48 fe- 
males, with ratios of 0.131 and 0.148. These 
authors also report a ratio of 0.111 for 21 cas- 
trated males. The other papers have series 
of 10 or less. Elliott and Tuckett(4) reported 
on 5 males and 9 females, with ratios of 0.118 
and 0.153. Hiull(5) gives a ratio of 0.125, 
based on adrenals of 3 females. Crile and 
Quiring(6) give a combined ratio of 0.337 
for 6 males, 3 females, and one cat of uniden- 
tified sex. Surprisingly, the Handbook of 
Biological Data(7) ignores all previous data 
and reports a combined average adrenal 
weight-body weight ratio of 0.2 from 7 males 
and 3 females. 

Methods. The material consists of 85 male 
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TABLE I. Adrenal Weight-Body Weight Ratios of Cats. 


Body wt, kg 


AW/BW, g/kg 


No. of i 

cats Mean 95% range Stand.dev. Mean 95% range Stand. dev. 
All males 89 2.227 .803-3.651 712 147 .047-.247 050 
Small : Uy 1.325 1.076-1.574 124 172 -087-.258 043 
Large 15 3.383 2.770-3.995 306 124 .080-.167 022 
All females ee O2 1.886 .955-2.817 465 162 077-247 042 
Small = 15 1.258 1.026-1.490 116 lO) .126-.271 036 
Large 13 2.723 1.985-3.462 369 131 .064-.197 033 


and 103 female cats, all adults, which were 
used in experiments on intestinal absorption. 
They were killed by heart stab while under 
barbital anesthesia. The adrenals were re- 
moved immediately after death, trimmed, 
blotted, and weighed to the nearest 5 mg in 
the fresh state. Body weight of the animals 
was determined to the nearest 5 g. 

Results are summarized in Table I. The 
groups of cats designated “small” and 
“large” are those whose body weights fell 
more than one standard deviation away from 
the mean. The 95% range is the range from 
2 standard deviations below to 2 standard 
deviations above the mean. 

The difference. between adrenal weight- 
body weight ratios of male and female cats 
of all sizes is significant, by the t test, at the 
3% level. The differences between ratios of 
large and small male cats, and large and 
small female cats, were both significant at the 
0.1% level. 

Discussion. The significant differences be- 
tween adrenal weight-body ratios of males and 
females, and between those of large and small 
animals of each sex, are accounted for by the 
difference in body weight between the groups. 
If mean adrenal weight-body weight ratio for 
each group be plotted against mean body 
weights for the groups, all the points fall very 
close to a straight line except the value for 
the small females, which have somewhat 
larger adrenals than they should have for 
their body weight. But since the difference 
between this ratio and that for the small 
males, of about the same body size, is not 
statistically significant, this is probably a 
chance variation. 


Brody and Kibler(8) give tables of the 
expected size of various organs with given 
body weights, calculated according to the 
equation Y = aX?, the relative growth equa- 
tion. Our data do not fit well with theirs, the 
various groups of cats having average adrenal 
sizes from 24 to 42% lower than those calcu- 
lated according to the equation. Christian 
(9) gives a graph showing the relation be- 
tween body weight and adrenal weight in vari- 
ous species of animals, not including the cat. 
Our data fit rather precisely onto his graph. 


Summary. Adrenal weight-body weight 
ratios of 89 male and 102 female cats were 
determined. The ratio for males is 0.147 g/ 
kg; for females, 0.162. The difference is sta- 
tistically significant, and is due to a differ- 
ence in average body weight of the 2 groups. 
A similar difference in ratios is seen between 
large and small male and large and small fe- 
male cats. 
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Attempts to Extract Infective Nucleic Acid of Rous Sarcoma Virus.* (25947) 


Rocer WeEIL,t AARON BENDICH AND CHESTER M. SoUTHAM 
Sloan-Kettering Inst. for Cancer Research, N. Y. C. 


Although infectivity of viral nucleic acid 
(NA) has been demonstrated for 2 plant vi- 
ruses(1,2,3), several animal viruses(4-13) 
and T2 bacteriophage(14) the only oncogenic 
virus for which an infectious NA has been 
reported is polyoma virus. The original re- 
port(16) and a subsequent paper(17) indi- 
cate that infective polyoma NA is deoxyribose 
nucleic acid (DNA) while a _ recent re- 
port suggests that it may be ribose nucleic 
acid (RNA)(18). Failure to obtain an in- 
fective NA from Rous sarcoma virus (RSV) 
by cold phenol extraction was reported(19). 
The present study, which also reports failure 
to isolate infectious NA from RSV is pre- 
sented because of the variety of technics used, 
because these negative results suggest that 
RSV might be fundamentally different from 
viruses which have yielded infectious NA, be- 
cause in some experiments non-transmissible 
cytologic effects were observed which may be 
of biological significance, and because the 
studies cannot at this time be continued. 

Methods. wo virus lines were used, both 
originally supplied by Dr. Ray Bryan. “M” 
line, maintained by both chick wing web 
(WW) and chick embryo chorioallantoic 
membrane (CAM) passage, titered about 10° 
in both CAM and WW. ‘‘B” line, maintained 
by Bryan’s early passage technic(20) titered 
107 or 10° by CAM or WW. Time of har- 
vest was varied from day 3 to 10 for wing tu- 
mors and from day 2 to 7 for infected CAMs 
and the tissues were frozen immediately there- 
after at —70°C (dry ice). Reagents were 
added directly to the frozen tissue in the ho- 
mogenizer. The cold phenol technic(1) was 
used on one CAM and 3 WW preparations of 
M line virus, and one CAM stock of B line 
virus. Temperature was approximately 0 to 


* Studies supported in part by Phoebe Waterman 
Fund, Nat. Cancer Inst., U.S.P.H.S., and Atomic 
Energy Comm. 

+ Present address: California Inst. of Technology, 
Pasadena, Calif. 


5°C (ice-water bath). Cadavarine 15 y/ml 
was added to one cold phenol preparation to 
“stabilize” NA(21). Hot phenol technic(9) 
but with pH 6.7 0.14 M sodium citrate buffer 
was used on one WW and 9 CAM prepara- 
tions of B line virus. Temperature was varied 
between 42° and 50°C. Proportion of the 
water-phenol interphase which was discarded 
was also varied. In 2 hot phenol experiments 
NA was precipitated with 67% ethanol or iso- 
propanol. Sodium deoxycholate (SDC) (15) 
at final concentrations from 0.03% to 0.67% 
and with 37°C incubation for periods of 1 to 
60 minutes was used in 10 experiments with 
a single RSV stock prepared from B-line in- 
fected CAMs. In 7 of these experiments the 
SDC was in solution for 2-7 days at 4°C prior 
to use, but in 3 it was used immediately after 
preparation. In 3 SDC experiments chymo- 
trypsin 0.5% plus papain 0.5% were incu- 
bated with the tumor suspension at 4°C for 
4 to 17 hours prior to SDC treatment to in- 
activate tissue ribonuclease. This did not in- 
activate virus but the effect on nucleases was 
not ascertained. In each experiment untreated 
tumor suspension, the NA preparation, and a 
ribonuclease-treated aliquot of the NA were 
tested simultaneously for infectivity by the 
same technics. Eggs and chickens were white 
leghorn, from Shamrock Farms, New Bruns- 
wick, N. J. NA preparations were tested as 
undiluted material equivalent to approxi- 
mately 10% original tissue suspension, in 
groups of 25 to 40 eggs or chicks. Tissue 
culture (TC) tests were made in duplicate 
and usually included 1:5 and 1:25 dilutions 
as well as undiluted NA. In all but 3 of 25 
experiments, CAMs of 9 or 12 day embryo- 
nated chicken eggs were inoculated with 0.2 
ml of test materials and were examined for 
pocks on day 19 or 20. Titers on graphs in- 
dicate number of CAM-pock-forming units 
(PFU) per gram of tissue based on serial log 
dilutions in groups of 5 to 7 eggs. One of 
the cold-phenol preparations was inoculated 
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intravenously by Dr. Spencer Munroe into 
12-day chick embryos (0.1 ml into veins of 
the CAM) and 1-day old chicks. Wing web in- 
oculations were used in almost all phenol ex- 
periments and half of the SDC studies. Chicks 
were observed for 6-8 weeks. Hyaluronidase 
(Alidase, Searle Co.) was used with 2 of the 
hot phenol preparations at 3 units/ml as sug- 
gested by Prince(22). In one cold phenol ex- 
periment wings were injected with 0.2 ml of 
a 2% suspension of diatomaceous earth (Ful- 
ler earth powder, Mathewson Co.) 2 hours 
prior to RNA inoculation at same site, since 
a previous experiment had indicated that this 
procedure increased sensitivity of virus detec- 
tion 10-fold. TCs were monolayers on glass. 
An agar overlay over chick embryo fibroblasts 
(23) was used for 10 of the 12 hot phenol 
preparations through the collaboration of Drs. 
Maxwell Eidinoff and Arnold Rich. Other 
TC studies used fluid medium consisting of 
Gey’s salt solution, horse serum, and chick 
embryo extract. Medium from fluid cultures 
was routinely passed to CAM and/or WW 7 
and 14 days after inoculation. Mengo(24), 
West Nile(25) and Semliki Forest(26) virus 
preparations were mouse brain suspensions 
harvested from paralyzed mice and stored on 
dry ice. Infectivity was titered by intracere- 
bral (i.c.) inoculations of 16-18 g Swiss white 
mice (Taconic Farms) with 0.03 ml of serial 
10-fold dilutions of NA extracts or brain sus- 
pensions and expressed as dilutions causing 
50% mortality (LD;5o). 

Results. Cold phenol treatment of Mengo 
and Semliki Forest viruses and hot phenol 
treatment of West Nile virus (all as infected 
adult mouse brain preparations) yielded 
products with an ultraviolet absorption maxi- 
mum at 255-260 and infectivity for mice 
which was abolished by incubation with 25 
to 100 y/ml RNAse for 5-20 minutes at 37°C. 
Intracerebral LD; titers in 4-6-week-old 
Swiss White mice for initial virus stocks vs 
NA extracts were: Mengo 10°°°/107-°; Sem- 
liki Forest 10°72/107-7; West Nile>10%?/ 
10-8. These results confirm the more de- 
tailed studies of others(5,6,12) and indicate 
that these technics as used in this laboratory 
did yield an infective viral NA with suitable 
viruses. 
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Fifteen attempts to extract infectious nu- 
cleic acid from Rous sarcoma virus with cold 
or hot phenol technics using a variety of virus 
sources, chemical manipulations and detection 
systems yielded no tumors or other transmis- 
sible lesions. The only phenomenon sugges- 
tive of viral activity was the appearance of 
foci of rounded cells in chick fibroblast cul- 
tures(23) with 3 of the 7 hot phenol prepara- 
tions so studied. These foci resembled those 
in the whole-virus controls. RNAse treated 
NA did not yield such lesions. This effect 
could not be transmitted by passage of tissue 
cultures (cells scraped from glass and emul- 
sified) into new tissue cultures, eggs, or 
chicks. In contrast, tissue cultures inoculated 
with whole RSV so diluted as to yield only 2 
foci/plate were passed without difficulty by 
all these technics. Thus the observed lesions 
seem to be the result of RNA from the Rous 
virus preparation (B-line on CAM, titer 10°‘), 
but there is no evidence that they were due to 
or accompanied by virus propagation. In 
these 3 experiments NA was tested undiluted 
and at 1:5 and 1:25 dilutions. At 1:25 num- 
bers of.foci per gram of original tissue were 
500, 200 and 2 respectively. These numbers 
were as great or greater than at the lower di- 
lutions, suggesting an inhibitor in the NA 
preparation. 

SDC inactivated RSV rapidly and in direct 
relation to SDC concentration (Fig. 1). With 
0.03% SDC at 0°C a 2-log (99%) inactiva- 
tion occurred within 1 minute, but thereafter 
inactivation proceeded much more slowly 
(Fig. 2). Failure of RNAse to alter this in- 
activation curve eliminated the possibility 
that the residual infectivity might be due to 
RNA. The prompt drop when more SDC 
was added indicates that leveling-off of inac- 
tivation was due to disappearance of effective 
concentrations of SDC. Much of the SDC 
was probably inactivated by non-viral con- 
stituents of the RSV suspension, since it was 
shown to be inactivated by prior admixture 
with bovine serum albumen. 

Incubation of one _ hot-phenol-extracted 
RSV preparation with an untreated RSV 
preparation or with RSV partially inactivated 
by UV irradiation did not affect infectivity 
titers. Incubation of virus preparations with 
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FIG. 1. Decreasing infectivity of RSV in in- 


creasing concentrations of SDC at 0-2° (ice water 
bath) for 5 min. 

FIG. 2. Partial inactivation of RSV infectivity 
by 0.03% SDC at 0-4°C. Infectivity of partially 
inactivated virus was unaffected by RNase, but 
abolished by added SDC. 


DNAse prior to hot phenol extraction failed 
to yield an infective NA. These experiments 
failed to support the working hypotheses that 
NA preparations might contain inhibitors or 
incomplete viral components capable of re- 
stricted viral activity. 

Summary. Sodium deoxycholate and hot 
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and cold phenol were used to extract nucleic 
acid from Rous sarcoma. The hot phenol tech- 
nic in some experiments yielded a RNAse- 
sensitive product that caused non-transmis- 
sible focal lesions in chick fibroblast tissue cul- 
tures, but no extracts initiated a transmissible 
infection in tissue cultures, chicks or embry- 
onated eggs. The same hot and cold phenol 
technics did yield infective nucleic acid from 
West Nile, Mengo, and Semliki Forest virus 
preparations. Rous sarcoma virus was rap- 
idly inactivated by deoxycholate. 
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Effect of Triparanol on Beta-Aminopropionitrile-Induced Dissecting 


Aneurysm and Blood Lipid Levels in the Turkey.* 


(25948) 
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B. S. PoMERoy 
Depts. of Poultry Husbandry and Agric. Biochem., College of Agriculture, and Divisions of Vet. 
Pathology and Bacteriology, College of Veterinary Medicine, University of Minnesota, St. Paul 


A probable cause of beta-aminopropionitrile 
(BAPN)-induced dissecting aneurysm in tur- 
keys appears to involve defective connective 
tissue metabolism, since it has been shown(1, 
2) that this is a known effect of the agent. 
However, the presence of fatty degeneration 
in the intimal layer of the aorta in the region 
of rupture in naturally occurring cases(3) of 
internal bleeding and the gross observation of 
yellow fatty areas in the lumen of the aorta 
in the area of rupture in BAPN-treated birds 
(4,5), raised the question of the importance 
of atherosclerotic lesions in development of 
the malady. The object of this study was to 
determine whether triparanol,t a drug having 
the property of lowering the ratio of blood 
cholesterol to phospholipid(6), could reduce 
the severity of BAPN-induced dissecting an- 
eurysm in turkeys. The effects of triparanol 
on growth rate and plasma cholesterol and 
phospholipid levels are also reported here. 

Methods. Turkey poults were housed dur- 
ing the first 3 weeks in electrically heated bat- 
teries with raised wire-mesh floors, then were 
moved to conventional growing batteries. De- 
tails showing breed, number of birds per 
group, and experimental duration are given 


* Published as paper no. 4343, Scientific Journal 
Series at Minn. Agri. Expt. Station This investiga- 
tion was supported in part by research grant from 
Nat. Heart Inst., P.H.S. 

+ Triparanol was formerly designated by code 
number MER-29. It is produced by Merrell Co., 
Cincinnati, O. Formula is 1-[ (4-diethylaminoethoxy ) 
phenyl]-1- (p-tolyl) -2- (p-chlorophenyl) ethanol. 


in the tables. The diet is presented in Table 
I. Triparanol and_ beta-aminopropionitrile 
fumarate were added as one per cent premixes 
in ground corn. Vitamin mixture C-5 sup- 
plied the following per 5 g of mixture: biotin 
0.2 mg, menadione sodium bisulfite—63% 
USP 2 mg, pyridoxine - HCl 2 mg, folic acid 
2 mg, thiamine - HCl 2 mg, riboflavin 5 mg, 
calcium pantothenate 10 mg, niacin 40 mg, 
Vit. Bj2-—0.1% triturate in mannitol 30 mg, 
Cerelose 200 mg, and corn meal to 5 g. All 
birds succumbing during an experiment and 
many surviving birds were subjected to ne- 
cropsy examination. Detailed pathological 
findings will be published later. Blood sam- 
ples were drawn in a heparinized syringe as 
indicated in the tables. Plasma cholesterol 
and phospholipid were determined by the 
methods of Abell e¢ al.(8) and Zilversmit and 
Davis(9), respectively. 

Results. The depressing action of tripar- 
anol on turkey growth is shown in Fig. 1. 
The depression appears to be logarithmic in 
nature. The intercept of this straight line re- 
lationship with control growth was plotted at 
10.6 ppm and 3.9 ppm triparanol for turkeys 
5 and 3 weeks on experiment, respectively. It 
is felt that this is the approximate dosage 
range at which triparanol begins to depress 
growth rate in turkeys. 

Triparanol did not protect against BAPN- 
induced aortic rupture (Table II). The hem- 
orrhaging index, as defined by Waibel and 
Pomeroy(5), was at least as great when tri- 
paranol was added to the 0.05% level of 
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BAPN. The larger the index, the more se- 
vere the expression of internal bleeding, based 
upon rapidity and degree of incidence. Feed- 
ing of triparanol resulted in generally re- 
duced plasma cholesterol levels and increased 
plasma phospholipid levels, resulting in a 
markedly reduced cholesterol: phospholipid 
ratio. 

A further experiment was conducted using 
levels of triparanol ranging from 25-500 ppm 
(Table III). Growth was depressed even at 
the lowest level of the drug (Fig. 1). The cho- 
lesterol: phospholipid ratio was depressed max- 
imally at lowest level of the drug. However, 
there appears to be a trend showing decreasing 
levels of both cholesterol and phospholipid 
with increasing levels of the drug. 

Discussion. According to the intercepts 
calculated in Fig. 1, it would be expected that 
triparanol at levels above approximately 10 
ppm of diet (approximately 1.0 mg per kg 
body weight per day) would produce growth 
depression in young turkeys. Work with rats 
(10) indicated that 4.1 mg_ triparanol/kg 
body weight did not depress growth in a 30 
day experiment. This suggests that the tur- 
key is somewhat more sensitive than the rat 
to low levels of the drug. 

Results with rats(10) indicate that tripar- 
anol decreased the ratio of blood plasma cho- 
lesterol to phospholipid by depressing the 
former more than the latter. In the present 
study, the ratio was similarly decreased and 
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the cholesterol level was depressed. However, 
the phospholipid level was frequently higher 
in treated birds than in controls. 


While growth was depressed even at the 
lower levels of triparanol, it is assumed that 
this depression did not influence the blood 
constituents, since studies utilizing the paired- 
feeding technic with rats(10) indicated that 
cholesterol and phospholipid changes were not 
dependent upon rate of growth. 

In previous work from our laboratory (4,5), 
feeding of BAPN to turkeys until 10 or 21 
weeks of age appeared to be responsible for 
the grossly-observable occurrence of yellow 
plaques in the area of the abdominal aorta 
where rupture occurs. In the present study, 
using turkeys 4 to 6 weeks of age, these le- 
sions were not observable. Preliminary his- 
tological evidence with the younger birds in- 
dicated that fibrotic intimal plaques were 
present in the young turkeys, regardless of 
treatment. These lesions were negative to 
the fat stains Sudan IV and Oil Red O. Lind- 
say et al.(11) have reported that abdominal 
plaques in diethylstilbestrol-implanted cock- 
erels were white in younger birds whereas they 
were yellow in older birds, indicating presence 
of fat. In view of the non-observance of yel- 
low plaques in these younger birds, it was 
not possible to fulfill one of the objectives of 


TABLE I. Composition of Diet.* 
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40.0 


Ground yellow corn 
Soybean meal, dehulled (50% protein) 
Fish meal (60% protein) 
Alfalfa meal (dehydrated, 17% protein) 
Dried whole whey 
Dicalcium phosphate 
Calcium carbonate 
Salt, iodized 
Trace mineral mixturet 
Vit. mix C-5 (see experimental) 
Choline chloride (25% ) 
Vit. A (5000 1.U./g) 
D (3000 I.C.U./g) 
E acetate (44 L.U./g) 
DL-methionine 
Procaine penicillin G (4 g/Ib) 
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* Diet calculates to contain 28.7% protein and 
811 productive energy calories (Fraps, 7) per lb. 

+ Delamix with 2% zine, Limestone Products 
Corp. of America, Newton, N. J., provides diet with 
the following in mg/kg: Manganese 60, iodine 1.2, 
iron 20, copper 2.0, zine 20, and cobalt 0,2. - 
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TABLE II. Effect of Dietary Triparanol on Incidence of BAPN-Induced Aortic Rupture and 
on Plasma Cholesterol and Phospholipid Levels.* 


(Exp. 1) 
Level of (em At 3 wk = At 5 wk t—————_,, 
triparanol CHOL, P-LIP, Wt/REM, CHOL, P-LIP, 
(ppm) Wtg mg% mg% C/P g HI mg% wmg% CZP. 
No BAPN-F 
0 673 126 266 A477 1211/8 0) 129 256 504 
100 600 94 295 .353 1051/7 0) 108 295 386 
200 579 108 283 2379 946/6 0) 105 285 .369 
400 559 88 266 342 991/8 0 YS 352 354 
800 628 103 278 302 935/8 0 133 GH CF 302 
1600 541 96 PATA roe 814/8 0 135 373 5008 
050% BAPN-F 
0 Syl Le7. 211 502 736/3 8.0 
100 600 107 245 437 946/1 20.0 
200 583 110 270 408 — /() 2215 
400 525 107 240 451 865/3 Onn 


* Experiment started at 7 days of age with 10 Broad Breasted Bronze males/group after pre- 
experimental period during which poults received control ration. Avg wt was 114 g. CHOL in- 
dicates blood plasma cholesterol level. P-LIP indicates blood plasma phospholipid level. Blood 
values represent avg of duplicate pooled samples of 3 poults each. C/P is cholesterol-phospho- 
lipid ratio. 

+ REM indicates remaining birds at 5 wk. Some were removed at 4 wk for tissue study. 
Otherwise, non-hemorrhaging mortality in experiment was negligible. HI = Hemorrhage index: 
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0 equals no aortic hemorrhage, higher numbers indicate increasing severity. 


the present study; namely, the effect of tri- 
paranol on development of BAPN-induced 
yellow plaques. 

Estrogens are noted for their effects on 
cholesterol:phospholipid ratio(12). As _ tri- 
paranol may be considered as a substituted 
stilbene, and therefore potentially estrogenic 
in action, the effect of triparanol on oviduct 
weight was studied. Samples of females fed 
triparanol at 200 ppm were sacrificed after 47 
and 61 days on the drug. Mean oviduct 
weights, whether calculated from absolute val- 
ues or percentages of body weight, were de- 


treated showed a weight depression, which was 
probably not due to estrogen-like inhibition of 
gonadotropic secretion but due to the general 
toxic effect of the drug on growth. 

A striking cbservation in this work was that 
the liver of many triparanol-fed birds exhib- 
ited greenish discoloration. It is possible that 
the color is an accumulation of a decomposi- 
tion product of triparanol. 

Summary. Addition of 25-1600 ppm tri- 
paranol to the diet of turkey poults lowered 
the ratio of plasma cholesterol to phospho- 
lipid. Incidence of beta-aminopropionitrile- 


pressed. Testis weights on males similarly induced dissecting aneurysms was not lessened 
TABLE III. Effect of Triparanol on Growth and Blood Lipids after 3, Weeks on Experiment.* 
(Exp. 2) 
Teveliot —————— Blood Pra oe 
triparanol Avg body Gain / Cholesterol, Phospholipid, 

(ppm) wt, g | Peed mg % mg % Ratio 
0 441 53 100 164 .62 
25 388 48 86 187 47 
50 382 46 76 164 AT 
100 356 46 77 187 42 
200 346 AT 62 146 44 
500 320 49 67 154 AT 


* Newly hatched poults were placed on 4-day standardization period on control diet, prior to 
equalized segregation into experimental lots. Broad Breasted Bronze and Broad Breasted White 
turkeys were housed in separate pens. Each group contained 5 males and 5 females. Avg values 
of breed and sex are presented. Each plasma value is avg of 16 individual samples, acquired 
equally from breeds and sexes. 
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by triparanol. Degree of growth depression 
due to triparanol was proportional to logar- 
ithm of dose. 


We express appreciation to Dr. T. R. Blohm of 
Merrell Co., Cincinnati, O., for supply of triparanol 
and to Dr. D. V. Frost, Abbott Labs., No. Chicago, 
Ill. for beta-aminopropionitrile fumarate. 
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Prevention of Malignant Cell Growth and Spread by Tropical Pretreatment 


with Radioactive Chromic Phosphate.* 


(25949) 


Horace GoLpig, MATTHEW WALKER, ROBERT E. AGEE AND MICHEL W. KILDARE 
(With technical assistance of Esther White Turner) 


Depts. of Experimental Oncology and Surgery, Meharry Medical College, Nashville, Tenn. 


We have reported(1) that intraperitoneal 
pretreatment with radioactive Yttrium (Y°*°) 
compounds prevented growth and implanta- 
tion of malignant cells not only by acting di- 
rectly on tumor cells, but also by increasing 
indirectly the resistance of the cavitary wall 
to their invasion. This line of research was 
continued in our recent experiments, using 
as the radioactive agent an isotope with a 
longer halflife and, as targets, tumor inocula 
in different locations. The results are re- 
ported below. 

Material and methods. (A) Mice and tu- 
mor strain. Swiss Albino mice (Albino Farms, 
Red Bank, N. J.) and CFW mice (Carworth 
Farms, New City, N. Y.) of either sex, 24 to 
27 g weight, were used. Krebs-2 tumor was 
maintained in serial transfers as “ascites tu- 
mor.” (B) Tumor cell inoculation and pre- 
treatment with isotope. Methods of inocula- 
tion of requisite number of tumor cells, of 
ascitic fluid withdrawal and of the work with 


* This work was supported by grants from Di- 
vision of Biology and Med., U. S. Atomic Energy 
Commission, and from the Damon Runyon Fund. 


isotopes have been described(2,3,4,9,10). 
Radioactive chromic phosphate in colloidal 
suspension was obtained from Abbott Labs, 
Oak Ridge, Tenn. This compound of a pure 
beta emitting phosphorus P*? is widely used 
as a substitute for colloidal radiogold (Aut®®) 
which is a beta and gamma emitter(5,6,7,8, 
11,12). (C) Technic of injections. (aa) In- 
trapleurally. Puncture of most areas of the 
thoracic wall will produce hemorrhages from 
the surfaces of the lung. However, it is quite 
safe to puncture the phrenico-costal sinuses 
(which are not occupied by the lung), in the 
area of the right thoracic wall at intersection 
of posterior axillary line and lowest intercostal 
space. This procedure was done. (bb) Sub- 
cutaneously into scalp. We have reported (4) 
sharply localized growth of scalp tumors in 
proportion to size of inoculum and their suita- 
bility for estimation of normal tissue invasion 
by tumor outgrowth. For either tumor in- 
oculation or isotope injection a gauge 23 
needle was introduced through the external 
ear into subcutaneous tissue of neck, scalp, 
nasal region and supraorbital region (see be- 
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low “Pattern of Experiments”). (cc) Subcu- 
taneously into abdominal wall and (dd) intra- 
muscularly into leg. Routine technics were 
used, but the isotope was injected into the 
selected area in 10 fractions of the requisite 
dose, diluted for this purpose to the volume 
of 2.0 or 3.0 ml. After skin (and muscle) 
puncture the direction of the needle was 
changed after each injection of 0.2 or 0.3 ml 
of diluted dose until 10 fractions of the dose 
had been infiltrated into the selected area at 
each of 10 different points. For intrapleural 
pretreatment dose of the isotope was injected 
only once, in a volume of 0.5 ml. Tumor in- 
oculation after pretreatment was given in a 
single injection in all series. (D) Safety of 
pretreatment method. We have assayed by 
various routes increasing doses (.1 to .3 mc) 
of CrP®"O, for their systemic (lethal) and 
local (in normal tissue of injected area) toxi- 
city in mice. (E) Scale of quantitative esti- 
mate of tumor growth. (aa) Amount of pleu- 
ral exudate was estimated as proportionate to 
volume of fluid obtained by insertion of a 
glass capillary through the thoracic wall: ++ 
= 0.2 ml or less; ++ = 0.2 to 0.5 ml; 
+++ = more than 0.5 ml. (bb) Jnvasion 
of pleural fluid by free tumor cells. Technic 
of tumor cell counts in the fluid has been de- 
scribed(2,3,4). According to our experience, 
decrease in number of tumor cells per cu. mm 
(4,9,10) and/or in their percentage in the 
cellular exudate(9,10) reflected the effect of 
injected radioisotope. (cc) Extent of intra- 
pleural implantation: 0 = no implant; -+- = 
implant either in superior or inferior medias- 
tinal pleura; -+--++- = implants in both areas; 
+++ = spread of mediastinal pleura im- 
plant on diaphragmatic or costal pleura. (dd) 
Extent of tumor spread in scalp: 0 = no 
growth; + = circular elevation on the top of 
scalp reaching eventually orbits, but without 
involvement of eyelids; ++ = swelling cov- 
ering the whole area between neck and orbits 
(including eyelids); +++ = growth ex- 
tension on face and neck; +-+-++-++ = ex- 
tension on the back. (ee) Subcutaneous and 
intramuscular implants: 0 = no implants; +- 
— diffuse induration at site of inoculation; 
++ = nodule 0.2 to 0.5 mm in diameter; 
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+-+-++ = tumor larger than 0.5 mm in dia- 
meter. (F) Pattern of experiments. A single 
dose of 0.1, 0.15, or 0.2 me of CrP?2O, was 
given either in a single injection in a volume 
of 0.5 ml (intracavitary) or infiltrated in a 
volume of 2 to 3 ml in 10 fractions, each of 
0.2 to 0.3 ml, (subcutaneously or intramuscu- 
larly) into a selected tissue area. One, 3, or 
5 days later an inoculum of 10° to 107 tumor 
cells was introduced into pretreated cavity or 
tissue area. In intrapleural experiments, fluid 
was withdrawn from the cavity for tumor cell 
counts on 4th day after inoculation; 2 days 
later the mice were sacrificed for autopsies 
and recording of implants; in 5 pretreated 
animals of each series the withdrawn fluid was 
inoculated intraperitoneally into new mice for 
assay of tumor cell viability(3); smears were 
prepared from all fluid specimens (undiluted) 
and stained with Acetoorcein(2). In scalp 
experiments, size and extension of tumor were 
recorded on 10th day; in abdomen and leg 
experiments, on 7th day. Recorded data were 
tabulated and are presented below. 

Results. A. Safety controls. All new mice 
survived doses of .2 mc intrapleurally and 
0.25 mc subcutaneously and intramuscularly 
without any macroscopic damage to normal 
tissues. Higher doses induced occasionally lo- 
cal damage (pleural hemorrhages, crusting 
and loss of hair in the skin). Dose of 0.3 mc 
was lethal for all mice. Accordingly, doses of 
.15 me and .2 mc injected for pretreatment 
into new mice were well tolerated. B. Pleural 
cavity. In mice inoculated intrapleurally 1 
to 3 days after topical pretreatment, initial 
proliferation of free tumor cells was arrested, 
their mitoses disappeared, and their cytoplasm 
became swollen, thus enlarging their size and 
leading to their final disintegration (Fig. 2 as 
compared with conirols in Fig. 1). The re- 
maining cells were scanty and non-viable as 
it appeared from their inability to initiate in- 
traperitoneal growth after transfer into new 
mice (bioassay of viability, see ref. 4). Their 
ability to implant into the pleura or to grow 
there after early implantation was consider- 
ably impaired (Fig. 4 as compared with Fig. 
3). Table I shows the relationship between 
extent of these effects, on the one hand, and 


FIG. 1 and 2. 


CrR?Oe 
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Krebs-2 tumor cells in undiluted pleural exudate of Swiss Albino mice on 4th 
day after inoculation of 10° cells. Smears from 0.2 mm?’ of undiluted fluid. Fig. 1, control: 
numerous typical tumor cells and their mitoses. Fig. 2, pretreated intrapleurally with 0.15 me 


scaree, distorted tumor cells, macrophages and leukocytes. 


FIG. 3 and 4. Pleural implants on the 5th day after inoculation (as in mice 1 and 2). Fig. 3, 
control: large tumor on diaphragm. Fig. 4, pretreated: no visible tumor growth. 


FIG. 5 and 6. Krebs-2 implant in the scalp, 10 days after inoculation of 107 cells. 


Fig. 5, 


control: whole sealp thickened by tumor growth spreading on neck. Fig. 6, pretreated with 0.15 
me of CrP*O, into the scalp: tiny necrotic nodule on top of normal looking scalp. 


FIG. 7 and 8. Tumor in mouse 6 days after inoculation into skin of abdomen. 
trol: diffuse spread of tumor tissue covering peritoneum of low abdomen. 


the same skin area: few tiny necroti¢ nodules. 


FIG. 9 and 10. Tumor 6 days after intramuse. inj. into thigh. 
tumor masses infiltrating thigh and dorsal muscles. 


small necrotic nodule in right thigh muscle. 


dose of radioisotope and interval between 
pretreatment and inoculation, on the other 
hand. 

It appears from Table I that pretreatment 
with a higher dose (0.2 mc) shortly (1 to 3 
days) before inoculation inhibited completely 
(or almost so) fluid accumulation and _ pro- 
liferation of free tumor cells and their im- 
plantation, while a lower dose (0.15 mc) or 
an earlier pretreatment (5 days before inocu- 
lation) achieved similar effects generally at a 
lower level and in smaller number of animals. 
Still, even in series 7 (0.15 mc, interval of 5 
days) the results in some mice were close to 
findings in series 2 (0.2 mc, 3 days). High 
effect was obtained occasionally even with a 


Fig. 7, con- 
Fig. 8, pretreated in 


Fig. 9, control: large round 
Fig. 10, pretreated in the same muscle: 


still lower dose (0.1 mc). The significance of 
these variations will be discussed below. 

B. Subcutaneous and intramuscular growth. 
Pretreatment with either 0.15 mc or 0.2 mc 
preduced about the same level of tumor in- 
hibition: effects of lower doses (0.1 mc) and 
of earlier pretreatment (5 days before inocu- 
lation) varied widely. Data of experiments 
in 3 different body areas are reviewed in Ta- 
ble Ii. According to Table II, standard pro- 
cedures of pretreatment inhibited practically 
completely tumor growth in the scalp from 
standard inocula (Fig. 6). In pretreated 
areas of the abdominal subcutaneous tissue 
and of leg muscle, only a small amount of 
growth, mostly necrotic, was recorded (Fig. 


MALIGNANT GROWTH PREVENTION By CrP?2O, 


679 


TABLE I. Inhibition of Free Malignant Cell Growth in Pleural Cavity by Intracavitary Pretreatment 
with Radioactive Chromie Phosphate, in 8 Series. 


Schedule of inoculation 
and treatment 


Days 
between 
Dose of inj. pretreat- 


radioiso- ment and Approx. amt of 


———— Findings in pleural cavity (avg / variation extremes) SSS} 
% of tumor cells No. (thousands) Amt of 


tope (me) inoe. pleural fluid in the fluid of tumor cells/mm? implantation 

2 1 Cry, Ut ee Ba Mee Gal WES, eee: 0 
2 3 ie Du 10.4/ 6.5- 14.2 28.2 / 16.3-44.4 0 
2 5 + / + - ++ PWG WIGS 48.8 / 31.5-57.5 + /0- + 

Untreated control ++/++-+++ 97.4/91.0- 98.0 68.2 / 53.1-78.0 ++/++-++44 
15 i OM ONS ar 8.1 / 4.6- 17.1 21.6 / 7.7-29.2 (Oy Aue (eee 
ie 3 + / + - ++ 9.4/ 6.7- 19.9 34.4 / 16,6-41.3 + / 0 - +4 
= 5 BA he 2 24.2 /15.5- 31.3 44.9 / 28.0-55.1 ry: a 


Untreated control 


+4+/++-+4++ 


96.4 / 93.2-100.0 


6382/45 20-721, ee eee 


Twenty mice in each series. Size of inoculum — 10° tumor cells. 
Standards for estimate of fluid volume and implantation extent see Material and methods. 
In series 1 and 5 tumor cells, mostly atypical, were counted only in mice containing sizable amount of 


fluid. 


Non-neoplastic cells in fluid: granulocytes and small lymphocytes in controls; macrophages and large 


lymphocytes in pretreated mice. 


8, 10) in the majority, and absence of any 
growth in a sizable number of pretreated mice. 
In each localization, extent of inhibition was 
at its maximum in animals pretreated a day 
before inoculation. 

Sections from mediastinal pleura (serosa 
and subserosa), of the scalp, and of the leg 
muscle showed in pretreated mice edema of 
tissue and clumping of tumor cells within pre- 
TABLE II. Inhibition of Malignant Growth and 
Spread of Subeutaneous and Intramuscular Inocula 


by Topical Pretreatment with Radioactive Chromic 
Phosphate (0.15 me) in 9 Series. 


Extent of tumor 
growth and 
spread on 8th 

day (avg / var- 


Days 
between 
Area of pretreat- pretreat- 
ment and of ment and 


tumor inoculation inoe. jation extremes ) 
Sealp 1 077) 0mm et 

” 3 ” ff ” 
Untreated controls ++ /,+4+ - ++ 
Skin of abdomen i + / + -+4++ 
Idem 3 ” / » 
Untreated controls 44+ /4++-4+4+ 
Left leg 1 ee of ite ae 
Idem 3 ey a eee 
Untreated controls +4+4+/t+-+44 


20 mice in each series. wh 

Doses of 10° to 107 Krebs-2 ascitic cells were 11- 
oculated. 

Seale of estimate: See Material and methods. 

Doses of 0.15 me of CrP#O, were used in all ex- 
periments, 


treated and inoculated area and their absence 
beyond its periphery, while in controls nu- 
merous proliferating cells and islands of or- 
ganized tumor tissue were found scattered 
widely far beyond site of inoculation. The 
role of these phenomena in tumor inhibition 
by pretreatment will be discussed below. 


Discussion. In our previous experiments 
(1) on growth inhibition of ascites tumors by 
intraperitoneal pretreatment with a _ very 
short-living isotope (Y®, half-life 2.7 days), 
maximum effect was found in mice inoculated 
3 days after pretreatment, 7.c., at the time 
when stored radioactivity had considerably 
decayed. These findings and microscopic evi- 
dence of inhibited tumor cell spread in pre- 
treated tissue suggested that a decrease of tis- 
sue susceptibility (or, in other words, increase 
of its resistance) to cell invasion, rather than 
irradiation of tumor cells was responsible for 
the effect of pretreatment with Y®®. In our 
investigations reported here, a longer living 
isotope (P®?, half-life 14.7 days) was used, 
and it is understandable that amount of radio- 
activity in the pretreated tissue at time of in- 
oculation was the major factor of tumor in- 
hibition. Indeed, in averages of all experi- 
ments presented in Tables I and II, this in- 
hibition was directly proportionate to doses 
of the isotope and inversely to interval be- 
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tween its injection and tumor inoculation. 
However, findings in sections of pleura and 
subcutaneous tissue pretreated with P?* were 
analogous to previously described changes in 
the peritoneum pretreated with Y°°. Accord- 
ingly, they were given similar interpretation. 
It may be presumed that irradiation with P?? 
decreased viability in tumor cells, and in the 
pretreated tissue, its susceptibility to invasion 
by these cells (or, in other terms, increased its 
resistance). This interpretation is in agree- 
ment with the experience of Andrews, Root 
and Kniseley(11) that “some unknown 
mechanism in action, possibly on surfaces not 
involved with tumor, may be important” for 
therapeutic action of Au'®* in human peri- 
toneal carcinosis. 

Wide range in variations of results was 
found in series 7, Table I, and series 8, Table 
II, where radioactivity level in tissue was ex- 
pected to be at its lowest. In these conditions, 
extent of tumor cell inhibition depended more 
considerably on tissue response to irradiation, 
which probably varied individually within the 
same series of mice. 

In the same conditions of experiment, ex- 
tent of inhibition by pretreatment was highest 
in scalp and lowest in subcutaneous tissue of 
the abdomen. These differences suggest the 
importance of tissue characteristics (loose or 
dense connective tissue, vascularization, etc.) 
and of its topographic localization in the 
mechanism of tumor prevention by pretreat- 
ment. Radioactivity doses of .15 mc 
achieved considerable preventive effect by all 
routes. This dose was found to be well below 
the maximum tolerated doses (.2 mc intra- 
pleurally and .25 mc by other routes) and 
moreover below doses required for therapeutic 
use(7,8,12) in tumor-bearing mice. Accord- 
ingly, preventive use of the isotope offers ad- 
vantages of greater safety than its therapeutic 
use. 

Summary and conclusions. (1) Pretreat- 
ment of new mice with CrP®"O, in well toler- 
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ated doses for topical prevention of tumor 
growth and spread was applied in various 
topographic areas, i.e., pleural cavity, scalp, 
abdominal wall and leg. (2) Reduction of 
tumor growth in all areas and of its spread in 
pleural and scalp were directly proportional to 
dose of radioactivity and inversely to the pe- 
riod between isotope injection and tumor in- 
oculation. (3) These findings showed that 
amount of radioactivity stored in pretreated 
tissues at time of tumor inoculation was the 
major factor of the isotope’s preventive ef- 
fect. However, previous results(1) suggested 
also another effect of pretreatment, that of 
tissues increased resistance to invasion with 
tumor cells. (4) It was concluded that topi- 
cal pretreatment with CrP*°O, may be at- 
tempted for prevention of postoperative 
growth and spread of tumor cells. 
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Effect of Raw Soybean Meal and Amino Acids on Pancreatic Hypertrophy 


in Rats. 


(25950) 


A.N. Boot, D. J. Ropsins, Wo. E. RIBeLrin AND F. DrEps 
Western Regional Research Laboratory,* Albany, Calif. 


A number of physiologically active consti- 
tuents have been reported in raw soybean 
meal, including a pancreas stimulating factor 
(1), trypsin inhibitor(2), goitrogenic sub- 
stance(3), saponins(4), estrogenic substances 
(5), hemagglutinin(6), and anticlotting fac- 
tor(7). However, when we fed raw soybean 
meal to rats as the sole source of dietary pro- 
tein (14%), the only adverse effects noted 
were (a) poor growth, (b) reduced food ef- 
ficiency and (c) pancreatic hypertrophy. 
Borchers(8) reported that growth inhibition 
in rats due to raw soybean meal can be coun- 
teracted by addition of 4 specific amino acids 
to the diet. In the present study enlargement 
of the pancreas was observed when rats were 
fed amino acid-supplemented raw soybean 
meal diet. 

Methods. Weanling male albino rats from 
our colony were separated into 4 uniform 
groups of 5 according to weight. Animals 
were housed in individual wire-bottom cages 
and fed diets ad lib. Group 1 received control 
(casein) diet which contained in per cent: 
cerelose 50.7, cornstarch 20, crude casein 17.3 
(N x 6.25 = 14.0% protein), salts (USP 
XIV) 4, complete commercial vitamin mix 2, 
and powdered cellulose 2. Group 2 received 
above diet with 28.4% raw soybean meal (N 
x 6.25 = 14.0% protein) substituted for 
casein (17.3%), cerelose (9.1%), and pow- 
dered cellulose (2.0%). Group 3 received 
the raw soybean meal diet plus 4 amino acids 
(0.6% L-tyrosine, 0.6% DL-methionine, 
0.6% DL-threonine, and 0.2% DL-valine) 
substituted for equal amount of cerelose. 
Group 4 received 28.4% heated soybean meal 
(autoclaved at atmos. pressure for 30 min). 
Weekly records of body weights and food in- 
takes were maintained. After 36 days rats 
were sacrificed and pancreatic tissue including 


*A laboratory of Western Utilization Research 
and Development Division, Agri. Research Service, 
U. S. Dept. of Agriculture. 


extraneous fat was carefully excised, pre- 
served in 10% aqueous formaldehyde for 48 
hours, then carefully trimmed, blotted and 
weighed. Food efficiency was calculated for 
each rat by dividing grams gain in body 
weight by grams of food consumed during the 
36-day period. Since all groups received the 
same dietary level of protein (14%), it fol- 
lows that food efficiency and protein efficiency 
of utilization are directly related. 


Results. The data in Table I show that 
significant growth inhibition, increased pan- 
creatic weight and reduced food efficiency re- 
sulted when raw soybean meal was substi- 
tuted for casein. When 4 amino acids were 
fed with raw soybean meal (Group 3), growth 
and food efficiency were no longer signifi- 
cantly different from the control group. 
However, hypertrophy of the pancreas was 
not prevented by amino acid supplementation. 
No adverse effects were observed in Group 4 
receiving heated soybean meal. 

The following tissues were examined mi- 
croscopically: heart, lungs, thyroid, testes, 
spleen, liver, pancreas, kidney, adrenals and 
intestine. All organs were normal except the 
pancreases of animals fed raw soybean meal 
with or without amino acids, (Fig. 1 and 2). 
Pancreatic acini had lost their regular circu- 
lar outlines and were jumbled and without 
distinct lumens. The basilar portion of the 
hyperplastic acinar epithelium was intensely 
basophilic and increased at the expense of the 
zymogenic portion. Ribonuclease digestion 
studies indicated this basophilic cytoplasm 
to consist predominately of ribose nucleic 
acid. Mitoses were occasionally encountered. 
Acini still spherical enough to be measured 
were significantly smaller (P = <0.01) than 
normal controls, apparently due to squeezing 
by adjacent hyperplastic cells. Nucleoli were 
significantly larger (P = <0.05); nuclei ap- 
peared larger but were not statistically so. 
Pancreatic islets appeared unaffected. 
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TABLE I. Effeets of Raw and Heated Soybean Meal and Amino Acids on 


PANCREATIC HyPERTROPHY BY SOYBEAN MEAL 


irowth, Pancreas 


Weights and Food Efficiency of Rats. 


Dietary protein 


Final body wt, @* 


Food efficiency, 
wt gain/g food” 


Pancreas wt, 
g/100 g body wt* 


(1) Casein 147.40 + 3.88 Fai Simeon 
(2) Raw soybean meal 89.00 + 3.54 85 + .08t 19 + .007+ 
(3) Idem + amino acids 142.40 + 7.11 93 + .06T 28 + .01 ; 
(4) Heated soybean meal 148.40 + 3.27 00 + .02 29 + .006 
* =. S. E. + P= <0.01. 
Discussion. The original observation of rat. The observation of Borchers(8) that 


pancreatic hypertrophy in chicks fed raw soy- 
bean meal(1) is now extended to include the 


TIE ale 
eosin stain. 
FIG. 2. 
meal for 22 days. 

« 540. 


Normal rat pancreas. Hematoxylin and 
«540. 

Pancreas of rats fed 25% raw soybean 

Hematoxylin and eosin stain. 


growth inhibition may be reversed by addi- 
tion of tyrosine, methionine, threonine and 


valine to a raw soybean meal diet is confirmed. 


Since added amino acids did not prevent pan- 
creatic hypertrophy, poor growth is obviously 
not the cause of pancreas enlargement. Ac- 
cording to Lyman and Lepkovsky(9) and Ly- 
man(10), excessive amounts of pancreatic 
enzymes are emptied into the intestine and 
excreted in the feces when either raw soybean 
meal or soybean trypsin inhibitor concen- 
trate is fed to rats. These workers con- 
cluded that growth depression may be 
exerted through a loss of essential amino 
acids from endogencus sources rather than 
through depression of normal intestinal 
proteolysis. Support for the concept of 
fecal endogenous amino acid loss, rather 
than incomplete intestinal proteolysis, is the 
finding that decreased growth rate and protein 
utilization resulted when soybean trypsin in- 
hibitor concentrate was fed with hydrolyzed 
casein to mice(11). Other workers(12,13) 
have reported that when 2 dietary levels of 
raw soybean meal are compared for inhibition 
of chick growth, the high level gives better 
growth than the low level. If it is assumed 
that maximal pancreatic stimulation occurs 
at the low level, then it is not surprising that 
the high level of raw soybean meal would sup- 
port better growth by increasing dietary sup- 
ply of amino acids to overcome endogenous 
loss of amino acids via the feces. Sources and 
levels of dietary nitrogen used may be the key 
to some of the conflicting conclusions that 
have been reported regarding toxicity of soy- 
bean fractions. 


Summary. Pancreatic hypertrophy, poor 
growth and lowered food efficiency result from 
feeding raw soybean meal to rats as sole 


ANAEROBIC DiIpHTHEROID, LATEX AGGLUTINATION TEST 


source of dietary protein. Addition of 4 spe- 
cific amino acids to raw soybean diet corrects 
poor growth and reduced food efficiency but 
does not prevent pancreatic hypertrophy. 
These results support the concept that de- 
creased growth rate and protein efficiency 
caused by feeding raw soybean meal are due 
to direct stimulation of the pancreas resulting 
in excessive loss of critical amino acids con- 
tained in pancreatic enzymes excreted in 
feces. 
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ALFRED L. FLORMAN AND JEANNE L. Scoma (Introduced by S. Stanley Schneierson) 
Stanley Jay Lagin Pediatric Research Lab., North Shore Hospital, Manhasset, N. Y. 


Serological observations with anaerobic 
diphtheroids have been limited because of the 
tendency of these crganisms to grow in clumps 
and to agglutinate spontaneously. This com- 
munication is to report a latex (polystyrene) 
agglutination test for anaerobic diphtheroids 
which is reproducible, easy to read and not in- 
fluenced by spontaneous bacterial agglutina- 
tion. 

Materials and methods. Organisms were 
characterized as anaerobic diphtheroids if 
they required an anaerobic environment for 
multiplication, had a pleomorphic rod-like or 
branching appearance, were Gram positive, 
produced catalase and did not ferment xylose, 
salicin or raffinose(1). All of our anaerobic 
diphtheroid strains were recovered and main- 
tained in fluid thioglycollate medium. Most of 
the other bacteria mentioned in the text were 
obtained from the American Type Culture 
Collection and maintained in appropriate me- 
dia. The latex test required an antigen-latex- 
buffer mixture which was prepared by mixing 
a suspension of washed bacteria (density to 


match McFarland #8 standard), 0.81 » latex 
particles and glycine saline buffer (pH 8.2). 
(One part of the stock suspension of latex was 
diluted with 4 parts of distilled water to give 
the proper concentration of latex.) To pre- 
pare 5 ml of this mixture: 0.5 ml of bacterial 
suspension, 0.2 ml of diluted latex and 4.3 ml 
of buffer were mixed and allowed to stand at 
room temperature for at least 10 minutes. 
Sera which were to be tested were diluted 2- 
fold starting with a 1:10 dilution in glycine 
saline buffer to yield 0.5 ml in each tube. 
Clear test tubes measuring 10 x 75 mm were 
used. To each tube of diluted serum, 0.5 ml 
of the prepared antigen-latex-buffer mixture 
was added. Tubes were shaken, incubated for 
11% hours in 56°C water bath, centrifuged at 
2300 rpm for 3 minutes and read. Appropri- 
ate nonspecific serum and antigen controls 
were included. Positive reactions were indi- 
cated by a clear supernatant, negative reac- 
tions by a turbid supernatant similar to that 
in the control tubes. Jn bacterial agglutina- 
tion test, the same bacterial antigen was used 
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as in the latex test. Serial dilutions of sera 
were made. To 0.2 ml of each dilution, 0.2 
ml of antigen was added. The mixtures were 
incubated at 37°C for 2 hours, then left over- 
night at 4°C. Agglutination was read after 
gentle shaking. 

Results. 1) Investigation of conditions re- 
quired for a satisfactory latex test. pH of the 
system was found not to be too critical. The 
test worked well within pH range of 5 to 
10. Below pH 4, spontaneous agglutination 
of the latex particles occurred. Temperature 
of Incubation, whether at 37°C or 56°C, 
seemed to have little or no effect upon the re- 
sults when tests were read after 14 hours. 
Size of latex (polystyrene) particles was criti- 
cal. Reactions that were clear-cut when par- 
ticles with a diameter of 0.81 » were used, 
failed to appear when particles of 0.1 » di- 
ameter size were substituted. (These parti- 
cles were furnished by Dr. Jacques Singer.) 
Amount of latex used in each test had to be 
adjusted. If there was too little or too much, 
tests were difficult to read. Satisfactory anti- 
gens were saline-washed bacteria from thio- 
glycollate cultures incubated at 37°C for 3-7 
days. Several of these anaerobic diphtheroids 
agglutinated spontaneously when used as an 
antigen in the bacterial agglutination test, but 
when used in the latex test this difficulty did 
not influence the results. Some antigen could 
also be found in the supernatant of a saline 
suspension of these bacteria kept at 37°C 
overnight. Both these antigens were de- 
stroyed by boiling. However, if the bacterial 
suspension was first acidified, an extract could 
be prepared by boiling, as in the Lancefield 
method for streptococci(2). This extract con- 
tained an antigen which also reacted in the 
latex test with serum from a rabbit immunized 
with whole organisms. Amount of antigen had 
to be controlled. For example, in one experi- 
ment with the standard amount of bacterial 
antigen, the titer of a serum was 1/320; 
whereas when 3 times that amount of antigen 
was employed the titer fell to 1/80, and with 
¥% the amount of antigen, the reaction was 
unreadable. Order oj addition of reagents was 
very important. Latex particles had to be 
first sensitized with the antigen—not with the 
immune serum. 


ANAEROBIC DIPHTHEROID LATEX AGGLUTINATION TEST 


TABLE I. Serological Reactions of Anaerobic 
Diphtheroids with Homologous and Heterologous 
Rabbit Antisera. 


Diphtheroids 
LO ee ap 7 
Serum Aggl. LA Aggl. LA 
Normal 0 0 0 0 
Anti-M 1/160* 1/160 0 0 
Anti-G 0 1/160 0 1/640 


Aggl. = Bacterial agglutination test. 
Ae Watex + - 


* Highest dilution of serum giving positive reac- 
tion. 


2) Demonstration of immunological rela- 
tionships by means of the latex test. An ex- 
ample is shown in Table I. Rabbits were im- 
munized by intravenous inoculation twice 
weekly of increasing amounts of suspensions 
of anaerobic diphtheroid strains, G or M, 
which had been recovered from patients at the 
North Shore Hospital. (Strain G had been 
isolated from the bone marrow of a child with 
an osteolytic bone lesion, and strain M had 
been recovered from the blood stream of an 
adult with arthritis and pericarditis.) When 
these strains were tested by means of the bac- 
terial agglutination test with specific antisera 
only the M strain was agglutinated by the an- 
ti-M serum. G was not agglutinated by its ho- 
mologous antiserum. However, when these 
organisms were examined by latex agglutina- 
tion test, both G and M strains gave positive 
reactions with their homologous antisera. The 
anti-G serum also cross reacted with the M 
organism, although at a lower titer. This sug- 
gested the possibility of an immunological re- 
lationship between both anaerobic diphthe- 
roids. Indeed, with the latex agglutination 
test it was possible to demonstrate an immu- 
nological relationship between many anaero- 
bic diphtheroids. Table II summarizes the 
results of several experiments with the latex 
test in which anti-G serum was used with a 
variety of anaerobic diphtheroids and related 
bacteria. All of the typical anaerobic diph- 
theroids tested gave positive reactions. How- 
ever, some strains after continued passage lost 
their ability so to react. As for the positive 
reaction with C. acne, others, using different 
technics(1) have also found that this organ- 
ism may cross react serologically with anaero- 
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TABLE IT. Results of Latex Agglutination Tests 
between Anti-Anaerobic Diphtheroid Strain G Rab- 
bit Antiserum and a Variety of Microorganisms. 


Organisms Results Organisms Results 
Anaerobic , 
diphtheroids Actinomyces 
G — A. bovis 0 
M =F israeli 0 
E =e 
Ro + Others 
Aw + ; : : 
Re ae Nocardia asteroides 0 
MOR + Lactobacillus acido- 0 
Corynebacteriae - sa ; ; 
es a Propioni bacteriwm 0 
S boagu 0 freudenreichii 
uerose 0 Staphylococcus aureus 0 


diphtheriae 0 

pseudodiph- 0 
theriticum 

pyogenes 0 


Beta hemolytic strepto- 0 
coccus (type 12) 


H. influenza (type B) 0 


bic diphtheroids with which it probably shares 
a common antigen. 


Discussion. Latex (polystyrene) particles 
which are now readily available have become 
useful serological tools. Singer and Plotz(3) 
first employed them in a test for rheumatoid 
arthritis. More recently, there have been re- 
ports of their value in study of histoplasmosis 
(4) and of trichinosis(5). These particles 
probably make more apparent a precipitino- 
gen-precipitin reaction. Collodion particles 
were used for this purpose more than 30 years 
ago, but were of limited value since conditions 
for preparing and preserving them were very 
exacting and time consuming(6). 
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Singer and Plotz(3) stated that the “latex 
fixation” technic could also be used with Type 
VII antipneumococcal rabbit serum and Type 
VII pneumococcal polysaccharide. In this re- 
port, we have extended this observation to an- 
other bacterial antigen-antibody system, that 
of anaerobic diphtheroids and their specific 
antisera, and have investigated optimum con- 
ditions for this reaction. Other bacterial an- 
tigen-antibody systems, however, may require 
different conditions. 

Summary. A technic for using latex (poly- 
styrene) particles in a serological test with 
anaerobic diphtheroids is described. Opti- 
mum conditions under which latex particles 
may be used with this bacterial antigen-anti- 
body system are reported. Evidence is pre- 
sented to indicate a possible immunological 
relationship between various anaerobic diph- 
theroids. 
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capable assistance of Leona Caroline, Helen Lyons, 
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Effect of Phosphorylated Hesperidin and Hyaluronidase on Rate of 


Erythrocyte Removal from Rat Peritoneal Cavity.* 


Emit STEINBERGER,| AND W. J. Drxon 


(25952) 


(Introduced by R. J. Bing) 


Naval Medical Research Inst., Bethesda, Md. and Dept. of Internal Medicine, Wayne State 
University College of Medicine, Detroit, Mich. 


Phosphorylated hesperidin decreases net 
absorption rate of 0.9% sodium chloride solu- 
tion from the peritoneal cavity of rats. Hyal- 


uronidase abolishes this effect and by itself 
increases absorption rate in intact animals(1). 
The investigations reported below were con- 


* Opinions expressed herein are those of the authors 
and are not to be construed as official or reflecting 
the views of the Navy Department or naval service 
at large. 


t This work has been completed during senior 
author’s tenure as Natl. Science Fn. Research Fellow 
at Wayne State Univ. Coll. of Med. and Detroit Re- 
ceiving Hosp. 
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ducted to determine whether phosphorylated 
hesperidin and hyaluronidase affect rate of 
absorption of erythrocytes from peritoneal 
cavity of rats. 

Materials and methods. Adult hooded fe- 
male rats (175-200 g) raised at the Naval 
Med. Research Inst. were housed in individual 
cages in an air-conditioned room and had free 
access to laboratory rat chow and water. Ex- 
periments were performed as follows: 1) Ani- 
mals were injected intraperitoneally (I.P.) 
with 15 mg of phosphorylated hesperidin 
(kindly donated by Dr. G. J. Martin, Na- 
tional Drug Co., Philadelphia) in 0.2 ml of 
0.9% sodium chloride solution (isotonic sa- 
line) at4 p.m. At 9 a.m. the next day they 
received a similar I.P. dose of phosphorylated 
hesperidin followed immediately by an I.P. 
injection of 6 ml of a suspension of erythro- 
cytes. 2) Hyaluronidase (of bovine testes 
origin 1550 USP u/mg generously donated 
by Wyeth Inst. for Med. Research) was ad- 
ministered I.P. in 0.2 ml of isotonic saline, 
6000 U.S.P. units per injection. The animals 
were injected at 9 a.m., 4 p.m. and the next 
day at 9 am. Immediately following last 
hyaluronidase injection the animals received 
I.P. 6 ml of erythrocyte suspension. Red 
blood cell suspension was administered 
through an 18 gauge needle under ether anes- 
thesia, light enough so that the animals were 
awake within 2-3 minutes after completion of 
injection. No untoward reaction to I.P. in- 
jection of erythrocytes was observed. Groups 
of animals were sacrificed at various time in- 
tervals following injection of erythrocytes. 
The abdominal cavity was exposed and the 
remaining suspension recovered. The dia- 
phragm, peritoneum, thoracic lymph vessels 
and lymph nodes were thoroughly inspected 
during autopsy. Preparation of erythrocyte 
suspension. On the day preceding an experi- 
ment, blood obtained by heart puncture from 
adult rats was collected in a syringe contain- 
ing about 1 ml of 4% sodium citrate for each 
10 ml of blood. The blood was centrifuged 
in a refrigerated centrifuge (4.5°C) at 2500 
rpm for 30 minutes. The plasma and most of 
the buffy coat were discarded. The packed 
red cells were resuspended in an equal volume 
of normal saline solution and recentrifuged 
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under refrigeration. The washing procedure 
was repeated 2 more times and after the last 
washing the cells were resuspended in an equal 
volume of isotonic saline and refrigerated un- 
til use. Recovery of red blood cell suspension 
from peritoneal cavity. Animals were sacri- 
ficed with an overdose of ether. Abdominal 
cavity was exposed, the remaining cell suspen- 
sion removed and its volume measured. The 
abdominal cavity was rinsed twice with 5 ml 
of isotonic saline which was combined with 
the recovered suspension. Red blood cells were 
packed by centrifugation in a Kolmer gradu- 
ated 10 ml centrifuge tube (Corning No. 
8360) at 2500 rpm for 30 mintues. Volume 
of packed cells was read with an accuracy of 
0.05 ml. 


Results. Effect of phosphorylated hes peri- 
din. In untreated animals volume of fluid and 
red blood cells recoverable from the peritoneal 
cavity decreased progressively with time. 
Rate of removal followed essentially a straight 
line for the first 4 hours, diminished between 
4 and 8 hours after injection (Fig. 1). About 
50% of the red blood cells were removed 
within the first 4 hours, and after 8 hours only 
20% of originally administered volume could 
be recovered from the peritoneal cavity. In 
the hesperidin treated animals rate of removal 
of red blood cells and fluid was slow. Over 
88% of injected erythrocytes could be re- 
covered 8 hours after injection. Four hours 
after injection of the red blood cell suspension 
in untreated animals, diaphragm, thoracic 
lymphatics and lymph nodes were dark red 
(Fig. 2a). Microscopic examination of the 


HESPERIDIN 
TREATED ANIMALS 


PERCENT 
r) 


CONTROLS 
Say 


20 #------* VOLUME OF RED BLOOD CELLS 
*— TOTAL VOLUME 


2 4 2 a 
HOURS 
FIG. 1. Effect of two 15 mg injections of phos- 
phorylated hesperidin on absorption of a 50% sus- 
pension of red blood cells in physiological saline 
from the peritoneal cavity of rats. Each point on 
the curves represents a mean from 12 animals. 
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TABLE I. Effect of Hyaluronidase on Absorption of Red Blood Cell Suspension (RBC) from Peritoneal Cavity of Rats. 
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@ 8 a material responsible for this discoloring re- 
+ ies 2 vealed it to be red blood cells. In animals 
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- treated with phosphorylated hesperidin and 


sacrificed 4 hours after injection of a suspen- 
sion of erythrocytes, the diaphragms were 
translucent, only a few small areas being 
filled with blood (Fig. 2b). Microscopic ex- 


nN 19 


Se 
IPR) 
41.8 + 3.0 


8 amination of the diaphragms (paraffin em- 
ae ee bedded and stained with Masson’s Trichrom) 
eee did not reveal morphologic changes in the 
» Vv i peritoneal structures. 
je ade Effects of hyaluronidase. Treatment with 
A hyaluronidase produced a small but statis- 
2 = 5 tically significant (P<0.01) increase of ab- 
fr S 4 < sorption rate of the fluid portion of the red 
ao Vv: 2 s blood cell suspension at all time intervals 
supra ie 4 after injection. The effect on absorption of 
~ a 29 a a erythrocytes was also slight. At each exam- 
tee = ined time interval the hyaluronidase treated 
iL V H a animals had fewer erythrocytes recoverable 
a as from the peritoneal cavity than controls (Ta- 
ble I). Inspection of diaphragms revealed no 
A 19 © difference between hyaluronidase treated and 
So control animals. 
a a i Discussion. Absorption of blood from the 
S ue 5 ies peritoneal cavity of man and experimental 
+ 2 = ey animals was described in the 19th century. 
create is The early literature on this subject has been 
a V 4 reviewed by Hunter(2). More recent studies 
eo Riana S) revealed that the primary and probably only 
ee significant route of erythrocyte absorption is 
@ ES) via the diaphragmatic lymphatics(2-5). From 
2 e there the erythrocytes pass into the host’s 
ae ei general circulation(6-8) where they survive 
a ~ | el for a normal life span(9,10). The mechanism 
a & e of the absorption process, however, is poorly 


688 


understood. Simer(11) concluded that small 
particles (India Ink) can pass from the peri- 
toneal cavity of rats into the subperitoneal 
lymphatics of the diaphragm between the con- 
tiguous borders of the mesothelial cells of the 
peritoneum and endothelial cells of the lymph 
vessels. According to Allen(12) the erythro- 
cytes pass through a triple layered membrane 
(peritoneal mesothelium, a fenestrated base- 
ment membrane and endothelium of the lym- 
phatics) separating peritoneal cavity from 
diaphragmatic lymphatic spaces. The meso- 
thelium and endothelium stretch during ex- 
piratory movements of the diaphragm, and 
openings (“stomata”) are formed (up to 25.5 
» in diameter) through which the suspension 
of particular matter is “sucked” into the lym- 
phatic channels. 

Courtice e¢ al.(5) demonstrated that in rats 
erythrocytes are removed from the peritoneal 
cavity at a relatively rapid rate, up to 90% 
of injected erythrocytes being removed within 
10 hours. In our experiments rate of removal 
of erythrocytes was similar in intact animals. 
However, in phosphorylated hesperidin 
treated rats, erythrocytes were retained in 
the peritoneal cavity for periods of up to 8 
hours after injection. There was also a block 
in absorption of the solution in which red 
blood cells were suspended, confirming previ- 
ous report by Steinberger e¢ al.(1). 

Diaphragms of untreated controls were 
packed with red blood cells while diaphragms 
of hesperidin treated animals were essentially 
devoid of grossly demonstrable red blood cells; 
this suggests that the block was effected at the 
membrane dividing peritoneal cavity from 
lymphatic channels of the diaphragm. Con- 
sidering the mechanisms of erythrocyte re- 
moval from the peritoneal cavity proposed in 
the literature(11,12), hesperidin would ap- 
pear to exert its effect upon the peritoneal 
membrane either by inhibiting its ability to 
form openings during the respiratory excur- 
sion of the diaphragm, or by modifying the 
ground substance between the contiguous bor- 
ders of the cells, making it less permeable. 
The effect on the peritoneal structures appears 
to be local since pilot experiments employing 
subcutaneous administration of hesperidin did 
not reveal any effect on peritoneal absorption. 
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Histological examination of the peritoneum 
revealed no structural changes. A study of a 
direct local effect of hesperidin on connective 
tissue is in progress. 

The effect of hyaluronidase on passage of 
red blood cells from the peritoneal cavity was 
small, but statistically significant. This may 
indicate that permeability of the membrane 
was at its peak before treatment with hyal- 
uronidase, and further increase was difficult 
to achieve. Another, more plausible explana- 
tion would be that the lymphatics through 
which the blood cells are removed have a 
maximum volume capacity which is the rate- 
limiting factor not influenced by an increase 
in membrane permeability. This interpreta- 
tion is supported by the fact that in untreated 
control animals the entire lymphatic system 
engaged in removal of the red blood cells is 
actually packed with them. The lymph from 
these lymphatic channels has been reported 
to contain up to 16 million red blood cells 
per cmm and to form a thick sludge(12). 

Summary. Rate of absorption of erythro- 
cytes from peritoneal cavity of rats was found 
to be similar to that reported in the litera- 
ture. Absorption was almost completely 
blocked by phosphorylated hesperidin. Evi- 
dence was presented suggesting that the block 
is achieved at the membranes separating peri- 
tonal cavity from lymphatics of the dia- 
phragm. Hyaluronidase increased rate of ab- 
sorption only slightly; however, this increase 
was statistically significant. 
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Genetic Susceptibility to Goldthioglucose-Induced Obesity in Mice.* (25953) 


Ropert A. LIEBELT, KAoRu SEKIBA, ANNABEL G. LIEBELT AND 


JoHN H. PERRY 


(Introduced by Roger Guillemin) 


Dept. of Anatomy, Baylor University College of Medicine and Dept. of Pediatrics, M. D. Anderson 
Research and Tumor Institute, Texas Medical Center, Houston 


A single injection of goldthioglucose at ap- 
propriate concentrations produces a persistent 
obesity in mice(1,2,3,4,5). The weight gain 
is correlated with an increase in food intake 
(6). Lesions found in the hypothalamus of 
goldthioglucose-injected mice are considered 
to be the basis for the hyperphagia and ensu- 
ing weight gain(7,8,9), and localization of tis- 
sue destruction in ventromedial nuclei of the 
hypothalamus has been related to the postu- 
lated existence of a “glucoreceptor” center in 
this particular area of the diencephalon(7). 
However, lesions have been found in areas 
of the brain that lie outside the confines of 
the hypothalamus following an obesity-induc- 
ing dose of goldthioglucose(8,10). Liebelt and 
Perry(8) have shown a genetic difference in 
the susceptibility of CBA and C;; Black mice 
to goldthioglucose-induced obesity. The pur- 
pose of this investigation was to extend these 
findings to other strains of inbred mice, thus 
studying the influence of genetic factors in 
goldthioglucose-induced obesity. 

Methods. All strains of mice used in these 
experiments had been inbred by brother-sister 
mating for over 20 generations,! and included 
Css, CBA, DBA/2, BALB/C, RIII as well as 
the following F, hybrids: (RIII x CBA), 
(CBA x RIII), (CBA x Cz), (Css x CBA), 
(CBA x BALB/C). Only male mice were 
used and were housed in groups of 4-6 animals 
per wooden cage (6 x 12 x 6 in.). Purina lab 


* Supported by grants from Am. Heart Assn. and 
WSIede Ese 

+ Mice obtained from Kirschbaum Memorial Re- 
search Lab., Dept. of Anatomy, Baylor Univ. College 
of Medicine, Houston, Texas. 


chow was fed ad libitum. Crystalline gold- 
thioglucose (Solganol B)+ was dissolved in 
saline, and injected intraperitoneally at 90- 
110 days of age. All injections were made 
between 9:00 and 11:00 a. m.; the animals 
were not starved prior to treatment. A mini- 
mum of 10 and a maximum of 40 animals 
were injected at each of the various dose lev- 
els tested for each strain and F,; hybrid com- 
bination; mean weight gain of the surviving 
animals was determined at 60 days post-in- 
jection. Susceptibility to the toxic effects of 
goldthioglucose was expressed only as the 
LD/100 dose. 

Results. Table I shows that both gain in 
body weight and lethal toxic effects in any 
given strain vary with dose of goldthioglucose 
injected. Css mice appear to be most “‘sus- 
ceptible” to goldthioglucose in terms of weight 
gain and toxicity as compared to the more 
“resistant” BALB/C, RIII and DBA/2 
strains. Mice of the CBA strain fell within 
these two extremes. Weight gain response 
and mortality were characteristically variable, 
especially as LD/100 dose was approached, 
in all except the CBA strain. CBA mice ap- 
peared to be unique in that a uniform weight 
gain response could be predicted for each dose 
level over a range of 0.2 to 0.6 mg/g body 
weight with less than 10% mortality at the 
latter dose. 

In general, all animals showed a greater 
weight gain as dose of goldthioglucose was 
increased. However, as the LD/100 dose was 
approached in the DBA/2, RITI, and BALB/ 
C strains, animals actually lost weight when 


¢ Courtesy of Schering Corp., Bloomfield, N. J. 
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TABLE I. Body Weight Gain (g) and Mortality following Various Concentrations of Goldthioglucose (mg/g Body Weight) at 60 Days Post-Injection. 


Xen) 


1.4 


1.0 


Control 


Strain 


10.16 + 2.43 All dead 


SIS) Ss IIGKG) 


9 


33 + 1.7 


(25) 


(21) 


(15) 


(18) 


(20) 


All dead 


CBA 
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(15) 


(40) (40) (40) (20) 
6.33 + 1.24 15.0 
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(30) 


(30) 


All dead 
(10) 


+ 1.2 


(14) 


2.0 


+ 4.0 


(20) 
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ae 
(16) 


RUI 


(10) 


(12) 
2.68 13.0+ 2.89 3.2 +.41 


(20) 


(18) 
10.25 + 3.12 


(15) 


(15) 


3.62 + 


All dead 


(10) 


(13) 


50 + 


12.5 


82 


9 


62 4 


7 


4.25 + 1.68 


co 


t| 


~ 


42 


(20) 


BALB/C 


(12) 


(14) 


(14) 


(12) 


(18) 


No. of mice in parentheses. 


* Stand. dev. 


compared with controls. Some of these ani- 
mals have remained alive as long as 8 months 
post-injection at these reduced weights. Ani- 
mals dying within 2-3 days post-injection be- 
sides demonstrating extensive hypothalamic 
damage and gastric ulcers also showed tubu- 
lar necrosis in the kidney and parenchymal 
destruction in the liver. 


All F, hybrid mice responded to a dose 
range of goldthioglucose similar to that char- 
acterizing CBA mice (Table II). This was 
found whether the CBA genetic influence was 
of maternal or paternal origin. Maximum 
mean weight gain at 60 days post-injection 
was 28.4 g for (RIII x CBA) F;, hybrids, 


which was greater than maximum body weight _ 


attained by either of the parent stocks. 


Discussion. The facility with which obesity 
may be induced in genetically different strains 
of mice is of both biological and practical im- 
portance. Css, DBA/2, RII and BALB/C 
mice showed a relatively unpredictable and 
variable weight gain and mortality as com- 
pared to the CBA strain over the dose range 
of administered goldthioglucose. Brecher and 
Waxler(1) indicated that of albino mice in- 
jected with an LD/50 dose (0.8 mg/g body 
weight) of goldthioglucose only ™% of the 
surviving animals became obese. Mortreuil- 
Langlois(11) reported that 1.5 mg/g body 
weight was necessary to induce a significant, 
yet variable weight gain in the XVII strain 
of mice, and LD/100 dose ranged between 1.6 
and 1.7 mg/g body weight. Inbred strains of 
mice are considered to be genetically identical 
within a given subline; variation in response 
to goldthioglucose in these particular strains 
suggests the operation of non-genetic factors 
in addition to genetic determinants. The na- 
ture of such factors necessitates further study. 
The uniform response of CBA mice to the 
effects of goldthioglucose appears to be 
unique. It would be of interest to determine 
whether sublines of this strain in other labora- 
tories respond similarly. 

The susceptibility to the toxic effects of 
goldthioglucose expressed as LD/100 dose 
also varied with the different strains. Animals 
dying within 2-3 days post-injection demon- 
strated gastric ulcers and extensive hypothala- 
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TABLE IT. Body Weight Gain (g) and Mortality in F, Hybrids following Various Concentra- 
tions of Goldthioglucose (mg/g Body Weight) at 60 Days Post-Injection. 


Strain Control sil .2 4 6 8 
RIII @ xX CBA 3g 42+ .6* 41+ 9 7.28 +1.05 17.342.19 28.4+ 2.02 All dead 
(10) (15) (13) (12) (10) (10) 
CBA ° X< RIII @ 3.9 + 5 194+ 1.86 256+ 2.26 All dead 
(10) (16) (13) (14) 
CBASOR x C.5 a 4.00+.72 51+ .9 18.3 + 2.25 All dead 
(10) a8) (12) (11) 
Css 9 XKECBIARS 41+ 64 4.8 + 44 15.4 + 1.87 All dead 
(10) (17) (14) (14) 
CBA @ X BALB/C ¢@ 33+.9 12.3421 234+2.2 Alldead 
(10) (12) (14) (12) 


* Stand. dev. 


mic damage(8), as well as severe tubular ne- 
crosis of the kidney and parenchymal destruc- 
tion in the liver. The latter type of lesions 
could account for the marked weight reduc- 
tion seen in certain animals of DBA, RIII 
and BALB/C strains at dose levels approach- 
ing LD/100. 

All F, hybrid combinations showed a 
weight gain response similar to that of the 
CBA strain for a given dose irrespective of 
whether the other parental strain was “‘resis- 
tant” or “susceptible.” The LD/100 dose for 
F, hybrids was also similar to that of the 
CBA parent. It would appear that genetic 
factors involved in goldthioglucose obesity, 
and derived from the CBA parent, are ex- 
pressed as the dominant influence in F; hy- 
brids. 

The 5 inbred strains of mice showed some 
variation as to maximum body weight attained 
for the range of doses of goldthioglucose uti- 
lized. (RIII x CBA) F; hybrids showed a 
weight gain to a given dose of goldthioglucose 
greater than that seen in either of the parent 
strains. These data suggest the operation of 
genetic and/or non-genetic factors which may 
influence extent of hypothalamic involvement 
by a given amount of goldthioglucose or may 
regulate peripheral factors involved in lipid 
deposition. 

Thus the site(s) of gene action involved in 
“susceptibility” or “resistance” to goldthio- 
glucose-induced obesity must be investigated 
with respect to 1) metabolism of goldthioglu- 
cose in organs other than the brain, 2) devel- 
opment of lesions in the hypothalamus and 
other areas of the brain, and 3) peripheral 


No. of mice in parentheses, 


response of various organs including the fat 
depots to the induced hyperphagia. 

Summary. Five inbred strains of mice (Css, 
CBA, RIII, DBA and BALB/C) and 5 F, 
hybrid combinations were studied with re- 
spect to effects of single injections of various 
concentrations of goldthioglucose on body 
weight gain and lethal toxicity. Gain in body 
weight and mortality following a single injec- 
tion of goldthioglucose was dependent on 
strain of mice and amount injected. In gen- 
eral, there was a greater increase in weight 
gain when larger doses of goldthioglucose were 
administered. The Css, RIJI, DBA and 
BALB/C strains of mice showed a relatively 
variable weight gain and mortality as com- 
pared to the CBA strain over the dose range 
of administered goldthioglucose. Mice of the 
latter strain were unique in that they showed 
a uniform response with respect. to these 2 
parameters. The F, hybrid mice showed a 
weight gain response and a LD/100 dose com- 
parable to that of the CBA strain. 
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A Pneumotropic Line of Lymphocytic Leukemia from Inbred Princeton 


Mice. 
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JoHN B. NELSON 
The Rockefeller Institute, N. Y. City 


Lymphocytic leukemia (lymphosarcoma) 
occurs naturally in adult Princeton mice (Pr, 
PRI, or P) from the random-bred colony 
maintained at the Rockefeller Institute. The 
disease is sporadic with a morbidity rate of 
3.1% in 1050 discarded breeders, 10 to 12 
months old, killed and autopsied during the 
past 7 years. Six of the 33 cases of leukemia 
(2.7%) were recorded in 215 males and 27 
(3.2%) in 835 females. A branch of the 
Princeton strain with a high rate of leukemia, 
80 to 90% in old adults, was established by 
Dr. Clara Lynch in 1946(1). This branch, 
designated PL or PrL, was inbred for more 
than 20 generations. In connection with 
other studies on murine leukemia it was of in- 
terest to determine the behavior of the PrL 
line in random-bred Princeton mice. Differ- 
ences in activity of neoplastic cells from the 2 
lines, one with low morbidity under natural 
conditions and the other high, were brought 
out in transmission experiments and are pre- 
sented here. The naturally acquired leuke- 
mia of adult mice from the random-bred 
Princeton colony is characterized chiefly by 
marked enlargement of regional lymph nodes 
and spleens. The disease is reproducible in 
weanlings from the same colony by intraperi- 
toneal injection of organ suspensions from 
naturally affected adults and is transmissible 
by serial passage. On repeated passage in re- 
cently weaned mice hepatitis virus may ap- 
pear and alter the leukemic reaction. 

Materials and methods. Random-bred fe- 
male weanlings under 15 g in weight, usually 
10 to 12 g, were used in most of the following 


experiments. The PrL line was discontinued 
by Dr. Lynch in 1951 but a subline was main- 
tained by Dr. Wilhelmina F. Dunning at ° 
Univ. of Miami, Fla. We are indebted to her 
for a supply of young PrL mice with trans- 
planted leukemia. Suspensions for intraperi- 
toneal injection were prepared from pooled 
mesenteric lymph nodes and spleens of 2 or 
more leukemic mice. A bulky but unmea- 
sured tissue mince, finely cut with scissors. 
was added to 2 or 3 ml of saline. After stand- 
ing for a brief period the turbid supernatant 
was removed and constituted the inoculum. 
Similar suspensions were prepared from lungs 
and thymus for nasal instillation. Lympho- 
cytes were verified by phase microscopy. In 
the presence of hepatitis virus liver minces 
were homogenized in a glass tissue grinder 
with sufficient saline to make a concentration 
of about 10%. Testing of suspensions was 
carried out in groups of 5 or 6 mice. Intra- 
peritoneal injections were made with an in- 
oculum of .1 to .15 ml and nasal instillation, 
following ether anesthesia, with about .05 ml. 
The injected mice were usually held under 
observation until one or more deaths had oc- 
curred. At this time all survivors that showed 
signs of illness were killed with ether and au- 
topsied. 

Results. A passage series begun in wean- 
lings with an organ suspension from a ran- 
dom-bred leukemic adult was maintained for 
40 transfers in 240 mice. The interval be- 
tween injection and onset of external signs, 
varied from 25 days in the first passage to 7 
days after continued transfer. Mortality rate 
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was 25% and morbidity rate 88%. At au- 
topsy regional lymph nodes, particularly the 
mesenteric, were enlarged and generally color- 
less. Spleens were hyperplastic and often pal- 
lid. Involvement of liver, kidneys and ovaries 
also occurred but was more variable. Free 
fluid was occasionally present in the peri- 
toneal cavity. Lungs were consistently nor- 
mal and thymus pale. The invasive cell in 
sections of leukemic organs was a lymphocyte. 
All passage series made with similar suspen- 
sions during the past 7 years have conformed 
to this general pattern. 


None of the mice in this series showed any 
evidence of murine hepatitis. The number of 
passages which may elapse before appearance 
of the causal virus is unpredictable and highly 
variable. In a later series necrotic lesions 
were detected in the liver after 8 passages and 
a virus of low virulence recovered. Unlike 
the virus reported in 1952 (MHV Pr) this 
strain was rarely lethal on intraperitoneal in- 
jection in weanlings(2). In presence of the 
virus the morbidity rate from leukemia was 
not appreciably affected but the pathologic re- 
action was less marked and somewhat de- 
layed. 

A similar passage series was begun in ran- 
dom-bred weanlings with a spleen and lymph 
node suspension from 2 leukemic mice of the 
inbred PrL branch. Thirty-six successive 
transfers were made in 216 females at inter- 
vals of 6 to 8 days. Morbidity and mortality 
rates were 94 and 31%, respectively. The 
macroscopic pathologic response was notice- 
ably different from that of the preceding se- 
ries. Hyperplasia of regional lymph nodes 
was accompanied by congestion resulting in a 
pink or light red coloration. In some mice 
the axillary and inguinal nodes were sur- 
rounded by a wide red zone of subcutaneous 
injection. Spleens were commonly enlarged 
and somewhat darker in color than normal. 
Involvement of livers, kidneys and ovaries 
also occurred but was not constant. Lungs 
were usually affected and showed pink areas 
of stippling or streaking. This reaction was 
best observed in the gross with a low power 
dissecting microscope. 

Proliferation of the neoplastic cells in the 
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lungs was clearly indicated on histological ex- 
amination. Infiltration of the alveoli by the 
leukemic lymphocytes resulted in formation 
of discrete compact islands (Fig. 1).  Peri- 
vascular and peribronchiolar cuffing also oc- 
curred. Interstitial tissue was somewhat dis- 
tended by erythrocytes and lymphocytes. 
Erythrocytes and, less regularly, fluid deposits 
were present in some of the alveoli. In more 
advanced cases, characterized by areas of 
frank consolidation, the normal architecture 
of the lung was obliterated by extensive sheets 
of closely packed tumor cells. 


In the 36th passage necrotic foci appeared 
in the liver of one mouse and hepatitis virus of 
low virulence was subsequently recovered. 
Ten additional spleen passages were made. 
Results were variable but indicative of inter- 
ference in development of the leukemic cells. 
Mortality rate of 60 mice was 42%. Thirty 
of the 34 survivors, killed on the 7th day after 
injection, showed liver lesions (necrotic foci, 
hemorrhages and pits) pathognomonic of mu- 
rine hepatitis. Twenty-one of the survivors 
also showed leukemic manifestations which 
were somewhat less advanced than those ob- 
served prior to onset of hepatitis. A liver 
section in which an extensive area of necrosis 
is adjacent to a cluster of the leukemic cells 
is presented in Fig. 2. 

Macroscopic appearance of lungs from the 
2 leukemic PrL mice was suggestive of the 
pulmonary reaction produced in mice by vi- 
ruses of grey lung pneumonia and wild rat 
pneumonia(3,4). The resemblance was sub- 
sequently shown to be purely superficial by 
histological examination but it prompted in- 
jection of lung suspensions by the nasal route. 
Cell-free supernatants were innocuous on na- 
sal instillation but whole suspensions resulted 
in pulmonary as well as generalized leukemic 
lesions. Forty passages were made in 218 
random-bred weanlings. The respective mor- 
bidity and mortality rates were 82 and 38%. 
The interval between injection and onset of 
leukemic symptoms was longer and more vari- 
able than that following intraperitoneal in- 
jection. Average interval was 16 days, with 
a minimum of 11 and a maximum of 29 days. 
Ninety-two mice were killed and autopsied 
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FIG. 1. Photomicrograph of lung removed on 7th day from a Princeton mouse inj. intraper. 
with leukemic cells of Pr line. Compact groupings of neoplastic cells and interstitial thicken- 


ing. HE 125. 
FIG. 2. 


Photomicrograph of liver removed on 7th day from Princeton mouse inj. intraper. 


with spleen suspension of Prl line. The margin (upper) of a large necrotic focus is bordered 
by infiltrating leukemic cells and a small area of normal liver parenchyma. HE 125 x. 


shortly after outward signs of illness were ob- 
served. Pulmonary involvement was con- 
stant and usually accompanied by hyperpla- 
sia of spleens and lymph nodes. It may be 
noted that Princeton mice from our colony 
are free from intercurrent respiratory disease. 
The red coloration of all leukemic organs ex- 
cept the kidneys was particularly striking in 
the mice of this series. 

None of the mice injected intranasally 
showed any indication of hepatitis at autopsy. 
Following appearance of the causal virus in 
the mice of the preceding intraperitoneal se- 
ries a second one was begun with a lung sus- 
pension from the 20th nasal passage. Sixty- 
eight successive spleen and lymph node trans- 
fers have now been made in weanlings in ab- 
sence of hepatitis. Free fluid containing the 
leukemic cells was first observed in one mouse 
of the 36th passage and by the 50th one was 
a nearly constant finding. In the presence of 
fluid, leukemic response of the abdominal or- 
gans was noticeably retarded. 

Attempts to induce pulmonary lesions with 
the low leukemic line of random-bred Prince- 
ton mice were uniformly unsuccessful. In 


these experiments suspensions of lungs or 
spleens and lymph nodes from mice of the in- 
traperitoneal series were injected intranasally. 
Lungs of the injected mice, some of which 
were held for 2 months, were regularly nor- 
mal. Nasal instillation of one spleen and 
lymph node suspension was attended, how- 
ever, by leukemic involvement of regional and 
abdominal lymphoid organs. The neoplastic 
cells were maintained for 2 additional nasal 
passages but were not demonstrable thereafter. 

Discussion. In reviewing the earlier work 
on lymphocytic leukemia in mice Dunn 
stressed the individual and recurring pattern 
of organ involvement and noted that the lungs 
were sometimes extensively invaded(5). The 
observations of Furth, Seibold, and Rathbone 
and of Furth on pulmonary infiltration in 
leukemia are noteworthy (6,7). Furth appears 
to have been the first to induce tumor growth 
in lungs of mice by nasal instillation of neo- 
plastic cells(7). 

Our autopsy records of the low level leu- 
kemia in random-bred Princeton mice num- 
ber 33 natural cases and some hundreds of ex- 
perimental ones. In no instance was a pul- 
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monary reaction observed macroscopically at 
autopsy. The pathogenicity and invasiveness 
of the neoplastic cells were evidently altered 
during their residence in inbred mice. How or 
when these changes occurred is a matter of 
speculation. On transmission to random-bred 
mice the altered cellular behavior was indi- 
cated by an increased toxic reaction in lym- 
phoid tissue and by regular proliferation in 
the lungs. The latter change was so constant 
on both intraperitoneal and intranasal injec- 
tion that the term pneumotropic line seemed 
appropriate. 

In view of the present emphasis on viruses 
in the etiology of certain murine tumors in- 
cluding the leukemias the possible role of the 
respiratory tract in outward dissemination of 
these agents may be worthy of consideration. 

There was no apparent difference between 
the 2 leukemic lines in regard to their effect on 
emergence of murine hepatitis virus in Prince- 
ton weanlings following intraperitoneal injec- 
tion. Similar viruses were obtained with both 
lines. 
that nasal instillation of the high level leu- 
kemic cells provided a means of avoiding the 
liver lesions produced by these latent agents. 

Summary. 1) Lymphocytic leukemia, of 
sporadic occurrence in random-bred Princeton 
mice (3.1% in 1050 adults), was transmitted 
to weanlings by intraperitoneal injection of 


Overwintering of Western Equine Encephalitis Virus.* 


There was reason to believe, however, 
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lymphoid organ suspensions and maintained 
by serial passage. Spleens and regional lymph 
nodes were commonly enlarged but lungs were 
not involved. 2) A high level leukemia line 
from inbred Princeton mice, originally estab- 
lished by Dr. Clara Lynch, was similarly 
maintained in random-bred weanlings. Neo- 
plastic cells also proliferated in lymphoid tis- 
sue, though with evidence of increased toxi- 
city, and also invaded the lungs. Pulmonary 
lesions as well as generalized ones were regu- 
larly produced by intranasal injection of cells 
from high leukemia line but not from the low 
level one. 3) Necrotic lesions of liver appeared 
in one passage series with each of the 2 lines 
and murine hepatitis viruses of low virulence 
were recovered. 
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Louis P. GEBHARDT AND Douctas W. Hii 
(Technical assistance by Gary Dolana and Laurence P. Gebhardt) 
Dept. of Bacteriology, College of Medicine, University of Utah 


The mechanism of maintenance of Western 
equine encephalitis virus in nature during 
non-epidemic periods and particularly during 
cold winter months has puzzled many investi- 
gators. This virus has been isolated from 
many species of birds(1,2,3) and a chronic 
viremia has been produced in experimentally 
infected wild birds from 1 to 10 months dura- 


* Supported in part by grant from Dept. of HEW, 
PHS; 


tion(4). This finding has suggested the pos- 
sibility of an overwintering reservoir for the 
virus. In studies of 1503 birds, Kissling e¢ al. 
(5) failed to isolate virus from wild birds 
either in winter or spring, but during the 
summer when mosquitoes were active virus in- 
fected birds were present. Although WEE vi- 
rus has been isolated repeatedly from pools 
of mosquitoes collected during practically 
every month of the year in temperate cli- 
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mates(6), there appears to be only one suc- 
cessful isolation from mosquitoes collected 
during winter months in an area of colder cli- 
mate. Blackmore and Winn(7) found WEE 
virus in one pool of 50 female C. tarsalis mos- 
quitoes taken from mine shafts in Colorado. 
The pool showing virus was one of 62 pre- 
pared from mosquitoes collected during Dec., 
Jan., and Feb. A total of 1361 females were 
obtained under conditions of cold weather in 
Colorado. Some authors(8,9) have dis- 
counted the importance of the surviving fe- 
male C. tarsalis as a means of overwintering 
of WEE virus. Rosenbusch(10) was able to 
infect several species of snakes with WEE 
virus. He infected a largato snake (Tupi- 
nambis teguixin), a Bothrops amnodytoides 
snake and one Bothrops alternata maintained 
the virus in the brain for 37 days but not in 
the blood. Two Phylodryas culebra snakes 
injected with WEE virus failed to harbor vi- 
rus in the brain or blood. Thomas et al.(11) 
were able to infect common garter snakes 
(Thamnophis spp.) by either direct injection 
of virus or by allowing infected Culex tarsalis 
mosquitoes to obtain a blood meal. Virus was 
maintained by one of these snakes for 36 days. 
Lennette et al/.(12) has suggested that squir- 
rels may play a role in maintenance of the 
virus, the virus having been found in the ner- 
vous tissue of wild squirrels caught during the 
summer. During 1958 the majority of the 
state of Utah experienced an unusually hot, 
dry spring, and early summer necessitating 
more irrigation than usual. C. tarsalis mos- 
quitoes began to appear in increased numbers 
in May and into the summer months(13). 
Cases of Western equine encephalitis were 
first reported in horses in June and human in- 
fections were evident beginning in July. A 
total of 58 proven human cases with 6 deaths 
were reported. This paper reports results of 
a continuing study on the mechanism of over- 
wintering of WEE virus in nature. 

Materials and methods. Snakes (Thamno- 
phis spp.) were collected, beginning in April 
and each month through July, 1959. In pre- 
liminary hibernating experiments 4 garter 
snakes (Thamnophis spp.) were injected in- 
traperitoneally with 0.25 ml of Western 
equine encephalitis virus (LDs ) 10° in 
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suckling mice) diluted 10°'. The snakes were 
kept at 4°C for 17 days (July, 1959) when 
they were then bled and sacrificed for nervous 
tissue. Twenty-one Thamnophis spp. snakes 
were injected intraperitoneally with 0.25 ml 
of WEE virus (LD; 10°? in suckling mice) 
Dec. 11, 1959, then placed in outside hiber- 
nating cages simulating natural hibernation 
conditions. The cages were buried 3 feet deep 
underground with burrows to the surface. 
Outside temperatures varied from +47°F to 
—1°F during the winter. Temperatures inside 
the underground cages varied from 15 to 
50°F. Relative humidity varied from 31 to 
83%. Five uninoculated controls were placed 
in the same outside cage which housed the in- 
oculated animals. Bleedings were done Dec. 
30, 1959, Feb. 13, Mar. 12, and Apr. 28, 1960. 
One-tenth ml of blood was added to 0.9 ml 
sterile skim milk and inoculated into suckling 
mice within 5 minutes after blood samples 
were obtained. The milk-blood mixtures were 
then held at —28°C and bloods showing posi- 
tive virus content were then titrated in suck- 
ling mice. 

Neutralization tests were carried out using 
known WEE positive immune serum and virus 
from snake bloods. The immune serum was 
held constant (1:10) and the virus was di- 
luted with sterile skim milk. After 2 hour in- 
cubation at 37°C the mixtures were then in- 
jected intracerebrally into suckling mice in 
doses of 0.025 ml. 


Results. Virus (WEE) was isolated from 
the blood of hibernating snakes 19, 64, 92, 
and 139 days after inoculation and then hi- 
bernating during the winter months. Virus 
decreased in quantity as the winter came to a 
close, but an increase of virus was present be- 
ginning with warm weather in April in not 
only a greater number of the snakes blood, but 
the titer increased. Results are presented in 
Table I. 

Six inoculated snakes died during the hiber- 
nation period, 5 of which strangled in the un- 
derground wire cages. One developed a ne- 
crotic tail and was not bled in March nor 
April. Three of the uninoculated controls 
died during the hibernation period. No evi- 
dence of illness was noted in any snakes. No 
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TABLE I. Results of Overwintering of WEE Virus in Hibernating Thamnophis spp. Snakes. 
Injected Dee. 11, 1959 with 0.2 ml intraper., mouse brain WEE virus (LD; 10-*°). 


Bleeding date and days 


Virus isolated from 


after inj. of WHE virus Snake No. blood of snakes, and titer 
12/30/59 19 days 1,2,3,4,5 Control 26 to 048) 
3 (10> ) 
4 Glo )) 
2/13/60 64 days 2,3, 4, 5, 7, 8, 9, 10 2,.3,4, (10+ ) 
8, 
10 QUO 
3/12 92 days 3, 4, 5, 8, 9, 11, 13, 14, 15, 17, 18, 19, 20, 21 13 Go ) 
Controls 26, 27 
4/28 139 days OS oo 8,0, 11, 15) 16.17, 18, 19,94 15,21 (104 ) 
4 (10-5) 
11 (10 ) 
5 GIO2)) 
2 (107 ) 
19 (10-#2) 
3,7 (10-85) 


virus was isolated from the blood of the con- 
trols tested. 

Of the 4 snakes inoculated with WEE virus 
and hibernated in the refrigerator (4°C) vi- 
rus was isolated from the blood but not from 
the brain of 2; in one, virus was demonstrated 
in the brain tissue, but not in the blood. No 
virus was demonstrated in either the blood or 
nervous tissue of one snake. 

Virus from the snake blood was proved to 
be WEE by neutralization tests, using specific 
immune serum. The neutralization index of 
this immune serum was over 10°. 

Discussion. In preliminary experiments 
common garter snakes (Thamnophis spp.) 
have been found to maintain WEE virus for 
at least 139 days during winter hibernation. 
The outside hibernation cages simulated the 
normal overwintering habitat of these snakes. 
The data have indicated that the titer of virus 
in the blood of these inoculated snakes de- 
creases during the cold months of the year. 
With warmer temperatures in the spring, how- 
ever, the viral content of the blood of these 
snakes increased. This carry over of virus 
suggests that snakes may become a source of 
an infective blood meal for spring and sum- 
mer hatched mosquitoes. 

For epidemic or endemic cases of Western 
equine encephalitis to develop, there must be 
a source of virus for mosquitoes to initiate 
such infections. For mosquitoes to obtain an 
infective blood meal, there must be a source 
of blood from an animal which exhibits a vi- 


remia at the time of the mosquito feeding. 
Such an animal must carry the virus during 
the winter months and exhibit a viremia in the 
spring of sufficient proportion to enable the 
vector mosquitoes to obtain an infective blood 
meal. 

From results presented, the common garter 
snake appears to fulfill the above suggested re- 
quirements of overwintering WEE virus in 
nature and are capable of development of a 
viremia in the spring. From initiation of in- 
fection of the first few mosquitoes in the 
spring, secondary virus hosts such as birds, 
could expand the virus source for more mos- 
quitoes to become infected, thus producing a 
high infection in the mosquito and bird popu- 
lation. With a high population of infected 
vector mosquitoes during the summer months, 
horses and man become an accidental host for 
the virus. 

Summary. 1) Adult garter snakes (Tham- 
nophis spp.) inoculated intraperitoneally, 
overwintered WEE virus for at least 139 
days. There was a steady decline in virus, 
with only 1 of 14 showing a viremia after 92 
days hibernation. With warm spring weather, 
(139 days after virus inoculation) 9 of 14 
animals exhibited a viremia with blood titers 
varying from 10+ to 10°-°. 2) Two of 4 gar- 
ter snakes inoculated with WEE virus and 
kept at 4°C, for 17 days harbored the virus 
in the blood, but not the brain. One snake 
harbored the virus in the brain but not in the 
blood. No virus was detected in either blood 
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or brain after 17 days at 4°C in one of the 
snakes. 
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This author reported production of experi- 
mental hyperchromic anemia in dogs by daily 
injection of acetylcholine(1). Liver extract 
or folic acid injections caused remission of 
this anemia with a concomitant rise in serum 
cholinesterase activity which was postulated 
to be the cause of remission. Other experi- 
ments(2) indicated that cobalt injection or 
production of marked anemia by phenylhy- 
drazine caused significant increases in serum 
cholinesterase activity. Both of these pro- 
cedures increase plasma erythropoietic stimu- 
lating factor (ESF or erythropoietin) (3,4,5). 
These facts suggested the possibility that cho- 
linesterase, or part of its molecule, might be 
concerned with erythropoiesis, and prompted 
the present investigation. 

Procedures and methods. Injections of 
Acetylcholinesterase* (200 units daily) were 
given subcutaneously to each of 7 normal rats 
weighing about 180 g. Another group of 7 
untreated rats served as controls. Blood 
samples were obtained by cutting off the tip 
of the tail, before and at various intervals 


* Acetylcholinesterase from bovine erythrocytes 
contained 20,000 Ammon units in 400 mg of material. 
(Nutritional Biochemicals Corp.) 


after commencement of daily injections. 
Erythrocyte counts and reticulocyte percent- 
ages were determined by standard methods, 
and hematocrit percentage of packed cells was 
determined using capillary tubes and a Clay- 
Adams micro-hematocrit centrifuge. 

Results. Table I shows results of daily 
subcutaneous injections of 200 units (i.e., 4 
mg of commercial preparation in 1 cc of 
water) of Acetylcholinesterase into 7 normal 
rats. After 5 to 7 daily injections, reticulo- 
cyte percentages were elevated to 6.1% (av- 
erage), which represented a 5-fold increase 
over average pre-experimental value. Eryth- 
rocyte counts were not significantly increased 
at this time, but after 2 weeks of daily injec- 
tions, they had increased by 18% (average) 
or 1.4 million cells per cmm of blood. Hema- 
tocrit percentages of packed cells did not in- 
crease significantly at any time. The control 
group of 7 untreated rats showed no signifi- 
cant changes in the blood throughout period 
of experiments. Observations performed on 
only 2 experimental animals indicated that 
Acetylcholinesterase injections increased he- 
moglobin values about 10%, but caused no 
significant changes in total leukocyte counts. 


ACUTE HYPOGLYCEMIA ON Rat TESTIS 


TABLE I. Effect of Acetylcholinesterase on Blood of Rats. 
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200 units given daily to each ex- 


perimental rat. 


Reticulocytes, 


Krythrocytesin Hematocrit, 


Group Time of blood sampling % millions/mm? % cells 
an (Cif oe Before start of inj. eae Salle) 7.90 (7.40-8.50) * 45.7 
Control ( ”’ Before start of exp. 1.1 ( .6-2.2) 8.25 (7.50-8.75) 46.7 
Exp. After 5-7 daily inj. 6.1 (3.4-9.5) 8.15 (7.65-8.77) 45.9 
Control Untreated 12 ( RS =e. 8)) 8.18 (7.51-8.55) 46.2 
Exp. After 12-16 daily inj. 2.3 (1.2-4.6) 9.30 (9.11-9.44) 46.3 
Control Untreated 1.3 ( .8-2.0) 8.07 (7.76-8.78) 45.9 
* Range given in parentheses. 
Discussion. Acetylcholinesterase adminis- Summary. Daily subcutaneous injections 


tration caused a marked increase in rate of 
formation or release of reticulocytes and 
erythrocytes. The fact that hematocrit val- 
ues were not significantly changed, in spite of 
an increase of erythrocyte numbers, indicates 
that the Acetylcholinesterase causes an in- 
creased production of cells that are smaller 
than average in volume. Our present data do 
not indicate whether or not cholinesterase ac- 
tivity bears any relationship to plasma eryth- 
ropoietic stimulating factor, although such a 
possibility is not precluded. Experiments are 
being continued in the effort to clarify this 
question. 


Effects of Acute Hypoglycemia on Rat Testis. 


of 200 units Acetylcholinesterase into rats 
caused stimulation of erythropoiesis demon- 
strated by significant reticulocytosis within 7 
days and increased erythrocyte counts after 
14 days. Hematocrit values did not change 
significantly. 


1. Davis, J. E., Am. J. Physiol., 1946, v147, 404. 

2. ———, Fed. Proc., 1960, v19, 67. 

3. Gcldwasser, E., Jacobson, L. O., Fried, W., 
Plzak, L., Sctence, 1957, v125, 1085. 

Ga Danis, lel Hed. Broce LOSS avian oo. 

5. Gordon, A. S., Physiol. Rev., 1959, v39, 1. 


Received June 14, 1960. P.S.E.B.M., 1960, v104. 


(25954) 


R. E. Mancing, J. C. PENHos, I. A. IzQuiERDO AND J. J. HEINRICH 
(Introduced by R. Hertz) 
Inst. de Anat. General y Embriol. Fac. de Ciencias Med., and Inst. de Med. y Biol. Exp., 
Buenos Aires, Arg. 


Hypoglycemia is known to exert a deleteri- 
ous effect on certain endocrine glands and on 
cerebral structures(2,3,4) but no effect has 
been reported on male gonads. As these are 
known to consume glucose mainly(1), we at- 
tempted this histological study of the testis 
of rats submitted to acute hypoglycemia. 

Material and methods. 318 male albino 
rats were used. They were separated as fol- 
lows: A) Animals in which one hypoglyce- 
mic coma was induced: Group 1: 62 prepu- 
bertal rats weighing 35-50 g; 28 received 200 
or 400 I.U. of regular insulin/kg, and 34 re- 
ceived Tolbutamide (2 or 3 g/kg). Insulin 
was injected subcutaneously and tolbutamide 


was given by gastric tube. Animals were 
killed or died in coma. Group 2: 84 adult rats 
weighing 180 to 440 g; 40 received insulin 
and 44 tolbutamide, at same doses and by 
same routes as in Group 1, and also killed or 
died in coma. Group 3: 26 adult rats weigh- 
ing 200-400 g; 16 received Insulin and 10 re- 
ceived tolbutamide as in preceding groups, 
but these were injected intraperitoneally with 
10 ml/kg of 10% glucose several times after 
administration of the hypoglycemic drug; 
these animals did not die in coma but were 
killed 5-8 hours after injection of hypoglyce- 
mic agent. B) Animals in which 2 to 5 hypo- 
glycemic comas were induced. Group 4: 62 
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adult rats in which 2, 3, 4 or 5 insulinic comas 
were induced by same procedure, at intervals 
of 4 days between comas. Animals withdrawn 
from each coma by administration of 10 ml/ 
kg 30% glucose given by gastric tube; 20 ani- 
mals were killed or died during second, third, 
fourth or fifth coma, and 42 were sacrificed 
1, 7, 18 and 34 days after recovery from each 
coma. C) Control groups: Group 5: 44 
adult and 24 prepubertal rats which received 
saline solution by any route used for injection 
of insulin, tolbutamide or glucose. Group 6: 
16 rats submitted to experimental conditions 
related to those suffered by groups 1 to 4, 7.e., 
5 to 10 I.U. of ACTH, metrazolic convulsions 
(4 to 6 g), and barbituric comas (60 to 80 
mg/kg). 

All rats were fasted at least 12 hours before 
administration of hypoglycemic drugs. Gly- 
cemia was controlled in all groups by classical 
Somogyi-Nelson method. Testes were re- 
moved immediately after death of animal, and 
cut in slices not more than 1 mm wide. These 
slices were placed in Bouin, Zenker or Helly’s 
fluids or in 10% formalin for fixation. For 
standard histological study 5 » sections were 
colored with haematoxylin-eosin, and the fol- 
lowing histochemical technics were also used: 
P.A.S. alsian blue and toluidin blue, (0.200 
mg %, at pH 3.5.) Previous incubation with 
ptialin, hyaluronidase and methanol-chloro- 
form was done as control for presence of sub- 
stances to be detected by each of aforemen- 
tioned histochemical stains, 7.e., glycogen, mu- 
copolysaccharides and glycoproteins. Also 
Sudan IV was applied to study lipids. 

Results. Rats in Groups 2 and 4 presented 
injuries, (72% and 100% respectively), in 
germinal epithelium, and congestion and oe- 
dema in interstitial spaces. No damage (0%) 
was seen in testis of prepubertal animals 
(Group 1) nor in control Groups 5 and 6; in 
this latter group only slight congestions were 
detected. Rats in Group 3, protected with 
glucose, which showed minimal degrees of hy- 
poglycemia, also showed minimal (20%) or 
no injuries in their gonads. 

Lesions of germinal epithelium consisted of: 
1) sloughing, presumably originated in inter- 
cellular vacuoles (Fig. 3, 4, 5); 2) intracellu- 
lar vacuolization of Sertoli cells, spermato- 
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gonia and spermatocytes (Fig. 3, 4); 3) Pyk- 
nosis of spermatogonia, spermatocytes, and, 
occasionally of spermatids (Fig. 6, 8); 4) 
Multinucleated masses of spermatocytes or 
spermatids (Fig. 6, 7). 

Lesions 1 and 2 are present during and after 
first and second coma while Lesions 3 and 4 
appeared in third, fourth and fifth coma. All 
these cellular alterations increased in number 
and intensity with repetition of comas. Not 
all types of lesions were present in each ani- 
mal; some showed only one or 2 types of in- 
jury. The central tubes in a transverse sec- 
tion of glands were always those which 
showed more damage, and interstitial conges- 
tion and oedema were also more intense in 
this central zone. No lesions were observed 
in fibroblasts or in interstitial Leydig cells. 

Rats which died with lowest levels of gly- 
cemia (under 30 mg %) bore more intense in- 
jury to their gonads. Group 3, only those 
animals in which level of glycemia was not 
completely protected by glucose showed some 
lesions. 

The rats from Group 4 killed at intervals 
from 1 to 34 days after last coma did not show 
complete recovery of testicular damage. Des- 
quamative lesions disappeared in animals sac- 
rificed between 7 and 18 days after second or 
third coma, but nuclear alterations and cel- 
lular vacuolization persisted 34 days after 
fourth and fifth coma. 

Histochemical technics showed negative re- 
sults in all lesions studied. Intracellular and 
intercellular vacuoles did not show presence 
of glycogen, mucopolysaccharides, glycopro- 
teins or lipids. 

Discussion. ‘Testicular injuries here de- 
scribed resemble description of encephalic in- 
juries produced by hypoglycemia(2,3,4), also 
consisting of cellular vacuolization and pyk- 
nosis. In this sense the brain consumes glu- 
cose almost exclusively (1). 

That lesions are more intense in animals 
with lowest glycemias, and that glucose could 
prevent very low glycemic levels, suggest that 
hypoglycemia is the specific factor responsible 
for them. Stress provoked by metabolic dis- 
turbance can be disregarded as a causative 
factor, because administration of ACTH did 
not produce detectable testicular damage in 


ACUTE HYPOGLYCEMIA ON Rat TEsTIS 


FIG. 1 and 2. Normal seminiferous tubules of 
adult rats in different stages of germinal epithe- 
lium. X 140 and 160 respectively. 

FIG. 3. Seminiferous tubule of a rat which died 
in tolbutamide hypoglycemia. Note vacuolization 
and sloughing of germinal cells. < 140. ; 

FIG. 4. Same ease as Fig. 3. ‘The higher magni- 
fication shows vacuoles in Sertoli cells and slough- 
ing of spermatocytes. X 600. ; 

FIG. 5. Seminiferous tubule of a rat killed dur- 
ing first coma. Sloughing has eliminated the layers 
of spermatids. Multinucleated masses being 
sloughed off. Intercellular vacuohzation 1s intense. 
ATG. 6) Tubule of rat which died in fifth coma. 
Note multinucleated cells and other nuclear abnor- 
malities. < 140. 

FIG. 7. Multinucleated masses in a tubule from 
a rat sacrificed at fourth coma. X 600. 
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animals of Group 6. Other authors proved 
that high doses of ACTH or corticoids in 
acute or chronic experiments did not show ap- 
preciable changes in the testis(5,6). The pos- 
sibility that coma or convulsions were non- 
specific factors causing testicular damage was 
also discarded; coma produced by Pentobarbi- 
tal, and convulsions produced by Metrazol 
caused only slight interstitial oedema in testis 
of rats. 

Tissue specificity of lesions seems high. 
No damage in cells, except interstitial conges- 
tion, was seen in liver or kidneys of rats bear- 
ing serious gonadal injury. This is also 
backed by lack of lesions in fibroblasts and 
Leydig cells in intertubular spaces. Injuries 
do not appear to be easily reversible; their in- 
tensity and persistence increased and were re- 
lated to repetition of comas, and recovery is 
not complete, several weeks after last coma. 

It is apparent that proliferation, differentia- 
tion, and greater metabolic turnover of ger- 
minal epithelium in adult animals as com- 
pared with prepubertal ones, renders them 
more liable to the deleterious effect of acute 
hypoglycemia. 

Regarding histochemical nature of injuries, 
as vacuoles were negative to stains used, they 
may be temporarily ascribed to hydropic im- 
bibition. The sequence of lesions revealed 
that these vacuolizations appear first and 
could be responsible for cellular sloughing. 
Nuclear abnormalities develop later and sug- 
gest severe disturbance in metabolism of nu- 
cleic acids and cell division. The significance 
of lack of glucose, which should deprive ger- 
minal cells of an important source of meta- 
bolic energy, is emphasized by our recent 
studies (unpublished) on oxygen consumption 
of rat testis using substrate with different car- 
bohydrates. Also, it was shown that glucose 
is necessary to maintain male embryonic go- 
nads incubated im vitro(7). 

Whether injuries are secondary to intersti- 
tial oedema, we can only state that the latter 
was seen alone, with no accompanying 
tubular damage, but the reverse was not true. 


FIG. 8. Rat killed during fifth coma. Injuries 
here are different as compared with Fig. 6. Pykno- 
sis of nearly all spermatids is the main lesion here. 
x 160. 
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Summary. The histology of testis in albino 
rats submitted to hypoglycemic comas was 
studied. Comas were produced by either in- 
sulin or tolbutamide. No changes were seen 
in prepubertal animals, but in adults, injuries 
were seen in the seminiferous epithelium, con- 
ing of cellular and intercellular vacuoles, 
sloughing, nuclear pyknosis and multinucle- 
ated cells. Congestion and oedema were in- 
variably present in the interstitium, though 
no injury was seen in any other testicular 
structure. Lesions increased in number and 
intensity with repetition of comas and recov- 
ery after comas was incomplete. Hypogly- 
cemia is considered the specific cause of the 
injuries. 
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Lro PINE 
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Previously(1) I reported results of experi- 
ments on carbon dioxide fixation by strains of 
Actinomyces and Lactobacillus in which the 
data indicated a high incorporation of carbon 
dioxide into the methylene carbons of suc- 
cinic acid. The data were supported by isola- 
tion of beta-alanine formed from succinic acid 
by the Schmidt degradation done at 40 to 
70°C. Recently studies in this laboratory 
were initiated to determine the mechanism of 
this reaction in strains of Actinomyces. Al- 
though the initial experiments reproduced the 
previous results, isolation of the methylene 
carbons of succinic acid as ethylenediamine 
was preferred since it would eliminate several 
chromatographic steps and simplify the pro- 
cedure. Although I had been unsuccessful 
previously in obtaining ethylenediamine by 
the procedure of Phares and Long(2) the use 
of a better grade fuming sulfuric acid and high 
temperatures permitted adequate formation of 
ethylenediamine. With some dismay, it was 
found that the carbon dioxide formed from 
the ethylenediamine was totally inactive. Sub- 
sequently, it was found that failure to ade- 
quately trap sulfur dioxide fumes formed by 
the reaction(3) accounted for the reduced 


specific activity in the carboxyl carbons. How- 
ever, the close correlation of the specific ac- 
tivity of the isolated beta-alanine with that 
predicted is unexplained. The present results 
clearly show a net fixation of COs, into the 
carboxyl carbons of succinic acid. The re- 
maining data published regarding fixation and 
formation of COs are valid. It is, therefore, 
concluded that anaerobic fixation of COs into 
succinic acid by Actinomyces primarily occurs 
via a Wood-Werkman reaction. In air, the 
oxidation of some intermediate of glucose me- 
tabolism results in formation of COs and con- 
sequently reduces the specific activity found 
in the succinic acid. 

I regret the error in the analyses and the 
concomitant circumstances which lead to a 
misinterpretation of the data. I would like to 
apologize for any inconvenience the use of 
such data may have caused. 


1. Pine, L., Proc. Soc. Exp. Brox. anp Mep., 1956, 
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Hemopoietic Effects of Glyceryl Ethers. III. Inactivity of Selachyl Alcohol.* 
(25959) 


JAMEs W. LINMAN 
Dept. of Medicine, Northwestern University Medical School and Vet. Admin. Research Hospital, 
Chicago, IIl. 


Prior to isolation of batyl alcohol from bo- 
vine yellow bone marrow by Holmes and as- 
sociates(1), this ether of stearyl alcohol and 
glycerol had been thought to exist only in cer- 
tain marine organisms. It has since been 
found in a number of mammals including 
man(2). Sandler(3) reported that batyl al- 
cohol stimulated erythropoiesis in normal and 
benzene-poisoned rats. Two years later, Ar- 
turson and Lindback(4) described erythrocy- 
tosis and reticulocytosis in mice injected with 
this glyceryl ether. It has also been impli- 
cated in leukopoiesis(5,6) and thrombopoiesis 
(7). Our recent studies(8,9) confirmed the 
erythropoietic, thrombopoietic, and granulo- 
poietic stimulatory activity of batyl alcohol. 
Although the exact physiologic significance of 
this compound is not known, the chemical and 
physiologic attributes common to batyl alco- 
hol and the thermostable, ether-soluble plas- 
ma erythropoietic factor suggest that they 
may be closely related(10). However, many 
questions remain unanswered. Foremost 
among these is the apparent inconsistency be- 
tween amount of batyl alcohol required to al- 
ter myelopoiesis in normal rats, 7.e., 25-50 mg 
per day(9), and the smaller quantities of a 
substance possessing specific biologic activity 
which would be expected to exert a readily de- 
tectable effect. Possible explanations include: 
1) use of synthetic, racemic preparations 
rather than optically active, natural material 
or 2) close relationship to some other more 
active substance, e.g., selachyl alcohol, CHs 
(CH,),CH: CH(CH2);CH.O » CH, » CHOH 
-CH.OH. The latter, which is the glyceryl 
ether found most abundantly in nature(11), 
differs only slightly in chemical structure from 
batyl alcohol, CH;(CH»2)isCH2O + CHe - 


* Supported in part by Research Grant from 
INJHEL, Wes ede Csr 

The technical assistance of M. C. Grayhack and 
N. E. Rosenberg is gratefully acknowledged. 


CHOH : CH,OH. However, selachyl alcohol 
is a liquid at room temperature, whereas batyl 
alcohol is a crystalline solid. This report de- 
scribes experimental observations which bear 
directly on the above two possibilities. 


Materials and methods. Forty normal fe- 
male Wistar strain rats weighing 140-160 ¢ 
were divided into 4 equal groups. The ani- 
mals in each group received via gastric intuba- 
tion 10 daily doses over a 2 week period (Sat- 
urdays and Sundays excepted) of one of the 
following test materialst: 1) 50 mg of syn- 
thetic, racemic selachyl alcohol; 2) 50 mg of 
optically active, natural selachyl alcohol; 3) 
50 mg of optically active batyl alcohol pre- 
pared by hydrogenation of the natural sela- 
chyl alcohol and administered as a suspension 
in 0.5 ml of distilled water; or 4) 0.5 ml of 
distilled water. Baseline studies included he- 
moglobins determined by the cyanmethemo- 
globin technic, microhematocrits, hemacy- 
tometer erythrocyte and leukocyte counts, re- 
ticulocytes per 1000 erythrocytes enumerated 
on dried brilliant cresyl blue coverslip films 
counterstained with Wright’s stain, and 
thrombocytes counted by phase microscopy. 
These measurements were repeated weekly. 
At end of treatment period, 5 rats in each 
group were killed and femoral marrow exam- 
ined utilizing a technic previously described 
(12). Observations on the remaining animals 
provided information in respect to restoration 
of normal hemic equilibrium. 


Results. The recipients of selachyl alcohol 
did not manifest evidence of altered hemopoie- 
sis. Their peripheral erythroid values (Fig. 
1) and thrombccyte and leukocyte counts 
(Fig. 2) remained stable. Marrow nucleated 
cell counts in these animals were comparable 
to those in the control group given water 


t Batyl and selachyl alcohols used in this study 
were kindly supplied by Squibb Inst. for: Med. Re- 
search, New Brunswick, N. J. 


704 HeEMopOIETIC INACTIVITY OF SELACHYL ALCOHOL 
= L27 BB Granulocytic Elements 
3 Erythrocytic Elements 
9) Erythrocytes R : es 
(X10® per cumm) (%) a, 1.05 
8 
a 8 
sty ‘Thrombocytes Leukocytes = 085 
€ (X10°per cumm.) 92 .(X10°*per cumm,) Fe 
204 2 064 
| 
z = 18 4 2 
Oo 7 4 Days O 7 14 + 
o 044 
16 — 
Rae cae ce 14 2 3 
44 S024 
1d ny Fa Kors 12 | i) 
ep esas ot 10 | 4 
@0o 7 t4 Days 0 7 14 OMe @® Baty! Selachy! Selachyl Controls 
*—+ Baty! Alcohol e-~--Selachy! Alcohol (natural) Days Atcohol Alcohol Alcohol (water) 
o— Selachy! Alcohol (synthetic) x---xControls (water) (natural) (synthetic) 
* Treatment —* Baty! Alcohol 
discontinued *---*Selachy! Alcohol (natural) 
°—* Selachyl Alcohol (synthetic) 
*---x Controls (water) 


FIG. 1. Erythroeytosis and reticulocytosis without associated inereases in hemoglobin or 


hematocrit levels in normal rats given 50 mg of 


batyl alcohol daily via gastric intubation. Re- 


cipients of comparable amounts of selachyl alcohol failed to manifest evidence of erythropoietic 
stimulation. Avg determinations of 10 animals receiving each of the above described test mate- 


rials. 
KEG. 2 


Thrombocytosis and leukocytosis in normal rats given batyl alcohol. Normal values 


were restored in those animals not killed for marrow studies one wk after treatment was stopped. 


Thromboeyte and leukocyte counts remained con 


stant in recipients of selachyl aleohol and weve 


comparable to those obtained in the control group. Avg counts of 10 animals in each group. 

FIG. 3. Myeloid erythrocytic and granuloeytie hyperplasia in normal rats given 10 daily 
50 mg doses of batyl aleohol per os. Megakaryocytes were also increased in these animals. Mar- 
row nucleated cell counts in recipients of selachyl alcohol were similar to those obtained in the 
control group. Avg counts of 5 animals receiving each of the above described materials. 


(Fig. 3). However, the batyl alcohol was 
fully active. The rats given this material de- 
veloped erythrocytosis and_ reticulocytosis 
without associated increases in hemoglobin or 
hematocrit levels (Fig. 1), thrombocytosis 
and leukocytosis (Fig. 2), and increased num- 
bers of both erythrocytic and granulocytic 
precursors in their marrows (Fig. 3). Type 
and magnitude of the responses were similar 
to those observed in other animals given race- 
mic batyl alcohol(9). The microcytes re- 
sponsible for the erythrocytosis were readily 
discernible and demonstrable by Price-Jones 
measurements. The leukocytosis was chiefly 
due to a relative and absolute neutrophilia. 
In those animals not killed for marrow 
studies, thrombocyte and leukocyte counts 
had returned to normal baseline levels one 
week after the treatment was stopped (Fig. 
2). All animals remained healthy throughout 
experimental period, gained weight normally, 
and exhibited no adverse reactions to the test 
materials or repeated gastric intubations. 
Batyl alcohol is active orally, and experi- 
mental data indicate that the glyceryl ethers 
can be absorbed intact from the gastrointes- 


tinal tract(13). However, the above experi- 
ment was repeated using a parenteral route of 
administration, 7.e., subcutaneous, to exclude 
with certainty any possibility of gastrointes- 
tinal inactivation. As before, each of the 
parameters selected to assess hemopoiesis re- 
mained unchanged in the recipients of sela- 
chyl alcohol. 

Discussion. Despite the chemical relation- 
ship between batyl alcohol (Cs;H44O3) and 
selachyl alcohol (C2;H4203), the physiologic 
characteristics of these 2 substances differ 
markedly. Whereas selachyl alcohol was 
lacking in stimulatory activity under the 
above experimental conditions, comparable 
amounts of batyl alcohol, prepared by hydro- 
genation of the former, induced a clear-cut 
hemopoietic response in normal rats. These 
findings contribute greatly to the specificity of 
biologic activity of batyl alcohol. If the he- 
matologic phenomena ascribed to batyl alco- 
hol were nonspecific, e.g., the result of an 
‘“irritative” or unphysiologic effect rather than 
primary myelopoietic stimulation, selachyl al- 
cohol might be expected to possess similar 
properties. The possibility that selachyl alco- 
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hol may be an inactive precursor of batyl al- 
cohol or some other substance has not yet 
been excluded. 


It should be emphasized that the precise 
role which batyl alcohol may play in regula- 
tion of hemopoiesis is, as yet, conjectural. 
However, several points of interest have 
emerged from studies on hemopoietic effects 
of the glyceryl ethers and humoral control of 
blood cell production. Current data indicate 
that 2 humoral agents govern erythropoiesis 
(10). One substance, which seems to be a 
mucoprotein(14), stimulates hemoglobin for- 
mation most likely by augmenting erythrocy- 
tic differentiation of the pluripotential mye- 
loid reticulum cells. Although maturation of 
erythrocytic precursors and synthesis of he- 
moglobin apparently proceed at fixed rates 
unaffected by the humoral stimulus, mitotic or 
proliferative activity of these marrow ele- 
ments appears to be subject to a second hu- 
moral factor(10). The latter is thermostable, 
ether-soluble, and probably a lipid. 


The singular type of erythropoietic re- 
sponse observed in normal rats given batyl 
alcohol is identical with that induced by the 
thermostable, ether-soluble plasma _erythro- 
poietic factor. It consists of erythromicro- 
cytosis, reticulocytosis, and myeloid erythro- 
cytic hyperplasia without associated increases 
in hemoglobins, hematocrits, or iron-59 up- 
take(9). In addition to this erythropoietic ef- 
fect, the thermostable or ether-soluble frac- 
tions of plasmas from patients with polycythe- 
mia vera also induce, as does batyl alcohol, 
thrombocytosis and granulocytosis in normal 
recipient rats(15). Thus, there exist rather 
striking similarities between the chemical and 
physiologic properties of batyl alcohol and the 
thermostable, ether-soluble plasma factor 
which has been studied. Although persuasive 
of a close relationship, unequivocal support 
for this conclusion is not yet available. 

The existent evidence is indirect and incom- 
plete but is in accord with the thesis that 
batyl alcohol or some similar substance may 
play an important role in fundamental control 
of hemopoiesis. However, the answers to 
many problems must await further experimen- 
tation. For example, our studies fail to ex- 


plain the need for the large amounts of batyl 
alcohol required to stimulate hemopoiesis in 
the normal rat. It may be simply a reflection 
of poor absorption and vastly different endo- 
genous and exogenous requirements. It is 
hoped that additional observations on hemo- 
poietic effects of the glyceryl ethers now in 
progress may help to elucidate the remarkable 
homeostatic mechanisms which govern hemo- 
poiesis. 

Summary. 1. Natural and synthetic se- 
lachyl alcohol is devoid of hemopoietic stimu- 
latory activity in normal rats. 2. Batyl alco- 
hol, derived from hydrogenation of selachyl 
alcohol, enhances proliferation of all myeloid 
elements but does not stimulate synthesis of 
hemoglobin. This effect is manifested in nor- 
mal rat recipients by erythromicrocytosis, 
reticulocytosis, thrombocytosis, granulocyto- 
sis, and increased numbers of both erythrocy- 
tic and granulocytic elements in their mar- 
rows. 3. Batyl alcohol is active both orally 
and parenterally. The hemopoietic properties 
of this substance are not dependent on optical 
activity. 4. It is suggested, although not 
proved, that batyl alcohol may play an im- 
portant role in regulatory control of hemo- 
poiesis. 
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Production of Acute Glomerulonephritis in Mice with Soluble Antigen- 


Antibody Complexes Prepared from Homologous Antibody.* 


(25960) 


FREDERICK MILLER, BARUJ BENACERRAF, ROBERT T. MCCLUSKEY AND 
Jaconus L. PoTTErR 
Dept. of Pathology, N. Y. University School of Medicine 


Soluble antigen-antibody complexes, in- 
jected intravenously in antigen excess, are 
capable of producing the characteristic lesions 
of experimental serum sickness within a short 
period of time. When large amounts of either 
rabbit antiovalbumin-ovalbumin or rabbit 
anti-BSA-BSA (bovine serum albumin) com- 
plexes are injected into mice or rats a high 
incidence of acute glomerulonephritis results. 
In addition a focal arteritis and a valvulitis 
may be seen on occasion(1-4). Fluorescent 
labeled antibody technics have shown both 
the antigen and the antibody to be present at 
the site of the lesion. In the present study 
these observations have been extended to pro- 
duction of lesions with soluble complexes pre- 
pared from homologous mouse antibody. An- 
tiovalbumin was produced in mouse ascitic 
fluid according to the method of Munoz(5) 
and compared with the corresponding rabbit 
antibody with regard to its ability to elicit 
glomerular lesions when administered to mice 
as soluble antigen-antibody complexes. The 
incidence and severity of anaphylaxis in both 
systems was studied. The effect of varying 
the antigen to antibody ratio in preparation 
of these complexes was also explored. 

Materials and methods. Animals: Swiss 
Webster male and female mice weighing 20 
to 30 g. Antigens: Hen ovalbumin, 3 times 
recrystallized, from Worthington Biochemical 
Co., Freehold, N. J. Zmmunization: Rabbit 
antisera against hen ovalbumin were prepared 


* Aided by grants from U. S. P. H. S. and from 
Kidney Disease Fn. of N. Y, 


as previously described(3). Mice were im- 
munized according to the method of Munoz. 
An emulsion containing 1 mg ovalbumin and 
1 mg Mycobacterium butyricum per ml was 
prepared with Difco complete adjuvant. One 
ml was injected into the peritoneal cavity of 
each mouse on days 1, 18, and 38. Between 
50 and 80% of the mice became ascitic, and 
between 1.0 and 15.0 cc of fluid was obtained 
from each animal. These collections were 
pooled. The various pools of antibody were 
analyzed for antibody protein content and an- 
tigen-antibody ratio at equivalence by the 
quantitative precipitin technic(6). Precipi- 
tates were analyzed for antibody protein by 
UV absorption at 280 mu in the case of rabbit 
antibody(7), and by the microKjeldahl 
method in the case of mouse antibody(6). 
Rabbit antiovalbumin. Pool I which con- 
tained 4.2 mg antibody protein/ml. Pool II 
which contained 4 mg antibody protein/ml. 
Mouse antiovalbumin Pool I which contained 
8 mg antibody protein/ml. Pool II which 
contained 6.2 mg antibody protein/ml. 
Preparation and injection of soluble com- 
plexes. Soluble complexes for injection into 
mice for the experiments on glomerulone- 
phritis were prepared by direct addition of 
excess antigen to either the rabbit antisera or 
mouse ascitic fluid at room temperature. Vol- 
ume was adjusted to 0.5 ml per injection and 
injected into the tail vein within 5 minutes. 
For the studies on anaphylaxis soluble com- 
plexes were prepared as previously described, 
by dissolving the washed immune precipitate 
in antigen excess(3). Preparation of histolo- 


ACUTE GLOMERULONEPHRITIS IN MICE 


TABLE I. Incidence and Severity of Glomerulo- 

nephritis in Mice Given 3 Injections of Soluble 

Antigen-Antibody Complexes in 24 Hr, and Killed 
24 Hr after 3rd Injection. 


No. of mice with 
glomerulonephritis 


No. of Mod- 
Material inj. mice Mild erate Severe Total 
Soluble com- 12 3 4 5 12 
plexes* 
Antibody alone 1( 0 0 0 0 
Antigen Es 3 0 0 0 0) 
Normal mice 33 0 0 0 0 


* 2, 3, and 3 mg mouse antiovalbumin antibody 
protein/inj. as soluble complexes in 5 times anti- 
gen excess. 


gic sections. The mice were sacrificed by de- 
capitation 24 hours after last injection and 
tissues were fixed in 10% buffered formalin. 
Sections of heart, lung, liver, spleen, and kid- 
ney were routinely stained with hematoxylin 
and eosin. 


Results. A preliminary series of experi- 
ments showed that doses of one mg or more 
of mouse antibody protein in the form of sol- 
uble complexes in 10 times antigen excess, 
produced a mortality from anaphylaxis of 
nearly 100%. To reduce incidence of ana- 
phylactic deaths, animals used in the studies 
on glomerulonephritis were first given 0.25 
mg of antibody protein in 5 times antigen ex- 
cess one to 2 hours prior to administration of 
the larger doses. Animals so treated suffered 
no mortality from subsequent injections. 


A group of 12 mice were given a series of 
3 injections of mouse antiovalbumin in the 
form of soluble complexes in 5 times excess 
antigen. Each mouse received 2 mg antibody 
protein in the first injection and 3 mg in each 
of the 2 subsequent injections, all within 24 
hours. In addition 3 animals were given an- 
tigen alone and 10 were given antibody alone 
in the same doses. 

Incidence and severity of the lesions ob- 
served in these animals are shown in Table I. 
Glomerulonephritis was present in all of the 
experimental animals. 

The nature of the glomerular lesion was 
similar in all of the animals. Both kidneys 
were uniformly involved. The glomeruli were 
hypercellular, had swollen cells, were rela- 
tively bloodless, and were infiltrated with neu- 
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trophiles; in severe cases karyorrhexis was 
present (Fig. 2). In many of the animals a 
striking accumulation of amorphous, eosino- 
philic material was seen in the glomerular cap- 
illary loops (Fig. 3). 

Two animals showed a mild acute inflam- 
mation of the mitral valve. These lesions 
were similar to those previously described (3). 

Since the intensity of the glomerular lesions 
was equal to or greater than that previously 
seen when rabbit antibody was used, an at- 
tempt was made to compare the two systems 
and to determine minimal effective dose of 
mouse antiovalbumin antibody necessary to 
produce renal lesions. 

Two groups of 12 mice each were given a 
series of 3 injections of soluble complexes in 
24 hours. The first group received 1 mg of 
antibody protein per injection as ovalbumin- 
rabbit antiovalbumin in 5 times antigen ex- 
cess. The second group received exactly the 
same schedule of treatment, but mouse anti- 
ovalbumin was used instead of the rabbit an- 
tibody. A third group of 6 animals were 
given mouse antibody in the same manner as 
the second group but received only 0.25 mg 
antibody protein/injection. A fourth group 
of 3 mice were given a single injection of 2.0 
mg antibody protein in the form of ovalbu- 
min-mouse antiovalbumin complexes in § 
times antigen excess. These last animals were 
survivors from an anaphylaxis experiment de- 
scribed below, and did not receive previous in- 


TABLE II. Comparative Ability of Soluble Anti- 

gen-Antibody Complexes Prepared from Mouse and 

Rabbit Antiovalbumin to Produce Acute Glomern- 
lonephritis in Mice. 


No. of mice with 


Soluble glomerulonephritis 

complexes No. of Mod- 

made with mice Mild erate Severe Total 
Rabbit antibody 12 4, 0 0 4 

il vaier Na 

Mouse antibody: 
i, rane Se G12 5 5 1 11 
2 .2ome X31 6 0) 0 0 0 
Bo Be TaMe ye e 8} 2 1 0 3 


* 1 mg antiovalbumin protein/inj., 3 inj., com- 
plexes in 5 times antigen excess. 

+ .25 mg antibody protein/inj., in 10 times anti- 
gen excess. bacry ’ 

t One inj. of 2 mg antibody protein, in 5 times 
antigen excess. 
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FIG. 1. Kidney of normal mouse. Hematoxylin 


and eosin stain, 


x 880. 


AcuTE GLOMERULONEPHRITIS IN MIcE 


jections. Incidence and severity of the lesions 
in the 4 groups of mice are indicated in Table 
IN, 

It is apparent from the results presented 
that soluble complexes prepared with mouse 
antibody are more effective than those pre- 
pared with rabbit antibody in producing glo- 
merulonephritis in mice. Furthermore a sin- 
gle injection containing as little as 2 mg of 
mouse antibody protein in 5 times antigen ex- 
cess can produce mild acute glomerulonephri- 
tis within 24 hours. 

Since administration of soluble antigen- 
antibody complexes is invariably followed by 
anaphylaxis, the relative abilities of the mouse 
and rabbit systems to elicit the reaction was 
investigated. The effect of varying ratio of 
antigen to antibody on occurrence of ana- 
phylaxis was also studied. The experimental 
data are shown in Table III. 

As in production of experimental glomeru- 
lonephritis, mouse antibody also proved to be 
much more effective than rabbit antibody in 
producing anaphylaxis. In both systems, a 
decreased incidence of anaphylaxis was ob- 
served when either antigen to antibody ratio 
or dose of antibody protein was reduced. 


Discussion. Intravenous administration of 
soluble antigen-antibody complexes to mice, 
using homologous antibody in the form of im- 
mune ascitic fluid, results in a very high in- 
cidence of severe acute glomerulonephritis. 
The lesions are more severe than those pro- 
duced with equivalent amounts of rabbit an- 
tibody. The greater pathogenicity of com- 
plexes prepared with mouse antibody is fur- 
ther emphasized by their ability to produce 
the characteristic pathologic changes within 
24 hours after a single injection containing 2 
mg antibody protein. 


FIG. 2. Kidney of a mouse given 3 inj. of oval- 
bumin-mouse antiovalbumin complexes, 2, 3, and 3 
mg antibody protein per inj. respectively, and sac- 
rificed 24 hr later. Glomerulus is hypereellular, 
bloodless, and infiltrated with neutrophiles. Hema- 
toxylin and eosin stain. 880. 

FIG. 3. Kidney of a mouse given 3 inj. of oval- 
bumin-mouse antiovalbumin complexes, 2, 3, and 3 
mg antibody protein per inj. respectively, and sac- 
rificed 24 hr later. A striking accumulation of 
amorphous, eosinophilic material is seen in glomer- 
ular capillary loops. Hematoxylin and eosin stain. 
x 880. 


ACUTE GLOMERULONEPHRITIS IN MICE 


TABLE IIT. Effect of Varying Ratio of Antigen 

to Antibody and Dose of Antibody on Production 

of Anaphylaxis: A comparison of rabbit and mouse 
systems in the mouse. 


Mouse Rabbit 
Antibody Antigen antiovalbumin antiovalbumin 
protein excess No. No. No. No. 

(ng) (times) mice deaths mice deaths 

25 5 5 0 5 0 

10 5) 2 5 0 

20 5 3 5 0 

50 5 3 5 0 

1 5 15 11 16 4 

10 18 14 5 2 

20 4 3 5 3 

50 6 6 ital 8 

2 5 8 5 5 3 

10 4 3 5 3 

20 2 1 5 5 

50 = — 5 5 


The appearance of the glomeruli was essen- 
tially the same in both systems except for the 
marked accumulation of amorphous eosino- 
philic material in capillary loops of those ani- 
mals given complexes prepared with homolo- 
gous antibody. Similar findings had been pre- 
viously observed in animals given soluble rab- 
bit complexes following pretreatment with 
cortisone(3). In those animals this material 
was shown to contain both antigen and anti- 
body by the Coons’ technic and was presumed 
to be precipitated complexes. In the present 
experiments these findings may be explained 
by the low levels of antigen excess used. Since 
ovalbumin is normally excreted by kidneys of 
mice, use of only slight excess antigen would 
favor aggregation of the circulating soluble 
complexes in the glomeruli. 

Finally, the observations on occurrence of 
anaphylaxis in mice treated with soluble com- 
plexes prepared with mouse antiovalbumin in 
comparison with rabbit antiovalbumin indi- 
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cate that homologous is considerably more 
effective than heterologous antibody. The data 
concerning variations of antigen to antibody 
ratios and dosage of antibody are substan- 
tially in accord with those previously reported 
by other investigators(8,9). 

Summary. 1) Passive serum sickness was 
produced in mice using homologous anti- 
bodies, obtained from immune ascitic fluid, in 
the form of soluble antigen-antibody com- 
plexes. Lesions were similar to those obtained 
with rabbit antibody-antigen complexes, but, 
in addition, amorphous eosinophilic material 
was seen in many glomerular capillary loops. 
Incidence and intensity of lesions using ho- 
mologous antibody was greater than with 
equal amounts of heterologous rabbit anti- 
body. 2) Homologous antibody was more 
effective in producing lethal anaphylaxis than 
rabbit antibody when both were given as sol- 
uble complexes. 
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Stimulation of Erythrocyte Metabolism by Menadione.* 
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Nebraska Psychiatric Inst. and Dept. of Biochemistry, University of Nebraska College of Medicine, 
and Dept. of Biochemistry, Creighton University School of Medicine, Omaha 


The human erythrocyte in the presence of 
an autoxidizable dye such as methylene blue 
can metabolize glucose via the hexose mono- 
phosphate shunt. In fact, as much as 85% 
of oxygen consumed by the erythrocyte can 
be accounted for by this mechanism(1). Since 
the demonstration(2,3) that respiration of the 
erythrocyte can be stimulated by methylene 
blue, investigators have sought a physiological 
electron carrier to substitute for the dye. 
Most of these attempts have met with little 
success, although it has been reported that a 
toxoflavin from Pseudomonas cocoven stimu- 
lates the enzyme system(4). Substances re- 
ported to be without effect are riboflavin, 
flavin adenine dinucleotide, reduced gluta- 
thione, ascorbic acid and ergothionine(3). 
The present study indicates that menadione 
will substitute for the artificial carrier in the 
erythrocyte system and stimulate oxygen con- 
sumption by the cells. It is further demon- 
strated that such stimulation is dicumarol sen- 
sitive and can be appreciably decreased when 
dicumarol is present in the reaction flasks. 


Methods. Blood collected in acid citrate- 
dextrose was centrifuged to remove the buffy 
coat and to collect the cells. These were sub- 
sequently washed with additional acid citrate- 
dextrose followed by 3 washings with Krebs- 
Ringer phosphate buffer pH 7.4. The cells 
were finally resuspended in the buffer, volume 
of which was adjusted to give a final hema- 
tocrit of 50. Adenosine (10 pmoles/ml) was 
added to all preparations(3). Oxygen uptake 
was determined by the conventional Warburg 
technic. Coenzyme Qiof and a-tocopheryl- 
quinone were added to the reaction in bovine 
plasma albumin, ethanol, buffer suspension, 5 
mg coenzyme Qjo or a-tocopherylquinone, 2 
mg albumin, 0.1 ml ethanol per ml suspension. 


Results. Table I summarizes the results 


* Suppcrted in part by Nebraska Fund for Psy- 
chiatric Research. 
+ Kindly supplied by Merck, Sharp & Dohme. 


obtained when the erythrocytes were incu- 
bated with menadione. Upon incubation, oxy- 
gen consumption of the cells compared favor- 
ably with that obtained with methylene blue 
or other autoxidizable dyes. When concen- 
tration of menadione was varied, oxygen con- 
sumption also varied. For example, mena- 
dione (.15 mmole) caused an oxygen con- 
sumption of 50.9 pl/hr/hematocrit of 50; 
increasing the concentration to 0.31 pmole 
resulted in an oxygen consumption of 76.7 
pl/hr/hematocrit of 50. 

Since it has been demonstrated that dicu- 
marol is an effective inhibitor of Vit. K(5), it 
was felt to be of interest to assess its role in 
the menadione stimulated erythrocyte system. 
Addition of dicumarol to the system resulted 
in inhibition of oxygen consumption produced 
by menadione (Table II). On the other hand, 
dicumarol had no effect when methylene blue 
was used to stimulate the system. 

The fact that menadione, a napthoquinone, 
was capable of maintaining oxygen consump- 
tion by the erythrocyte prompted evaluation 
of like compounds in this study. Coenzyme 
Qo and a-tocopherylquinone were without ef- 
fects 

Other compounds capable of acting in redox 
systems were also tried. The following were 
without effect: ergothionine, dehydro-ascorbic 


TABLE I. Effect of Menadione on Qo, of Human 
Erythrocytes. 


Q0., ul/hr/hematoerit of 50 


Additions (umole) Mean Range 

Methylene blue (.31) 79.5 71.1-88.4 

Menadione (.31) 76.7 72.6-82.5 
“ (.15) 50.9 48.7-55.0 
« (.05) 14.1 12.8-15.2 
2 (.03) 6.0 4.5-10.6 


Each Warburg flask contained: 1 ml erythro- 
cytes, 30 mmoles glucose, 1 ml buffer pH 7.4, 0.2 ml 
6 N NaOH. Menadione or methylene blue added 
as indicated. Total vol 3.2 ml. Oxygen uptake val- 
ues corrected for endogenous respiration. 

Menadione was dissolved in 7% alcohol prior to 
use. Alcohol controls exerted a negligible effeet on 
the system. 


STIMULATION OF ERYTHROCYTE METABOLISM 


TABLE II. Effeet of Dicumarol on Erythroeyte 
System. 
SS 


% inhibition 


Methylene 
Menadione blue* 
Dicumarol, wmoles (.381 umole) 
31 25.9 0 
1.5 44.0 0 
3.1 50.1 0 


System same as indicated under Table I. Dien- 
marol added at the expense of buffer. 


* A slight potentiation of action of methylene 
blue was noted with dicumarol which appeared to 
be independent of dicumarol concentration. 
acid, hypoxanthine, and oxidized glutathione. 

Discussion. The results presented here 
would suggest that in addition to autoxidiz- 
able dyes, menadione is capable of supporting 
oxygen consumption in the erythrocyte sys- 
tem. It is tentatively assumed that oxygen 
uptake in the presence of menadione, like that 
in the presence of methylene blue, is a meas- 
ure of the glucose oxidative pathway in this 
tissue since, in the human erythrocyte, oxygen 
utilization occurs almost entirely through the 
hexose monophosphate shunt. Similar results 
have been reported(6) on a rat liver fraction 
which reoxidizes TPNH (reduced triphospho- 
pyridine nucleotide), where it was noted that 
the enzyme preparation reacted with electron 
acceptors, notably Vit. K and coenzyme Qio, 
but the diaphorase was particularly active in 
presence of Vit. K; (menadione). 

The sensitivity of the menadione stimulated 
system to dicumarol and the lack of effect 
with dicumarol in presence of methylene blue 
implies that the effects noted with dicumarol 
are specific for menadione and do not neces- 
sarily imply interference with the action of 
the erythrocyte system. 

Menadione has been previously demon- 
strated to be effective in increasing the activ- 
ity of the phosphogluconate pathway in as- 
cites tumor cells(7). Subsequent studies(8) 
also noted the dicumarol inhibitory effect on 
C-1 oxidation via the pentose pathway. How- 
ever, the present experiments are the first 
demonstration of such an effect in the human 


erythrocyte. 
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Of added importance to this study is the 
nature of the defect in congenital methemo- 
globinemia (Type I). Since this deficiency 
can be corrected by methylene blue, it would 
be of interest to know if menadione would 
substitute for methylene blue in the treat- 
ment. This would appear to be a reasonable 
possibility because both compounds are most 
likely serving in the electron transport system 
between reduced pyridine nucleotides and 
methemoglobin. 

It is not immediately apparent why coen- 
zyme Qo and a-tocopherylquinone did not 
support oxidation -by the pentose pathway. 
The high concentration of alcohol required to 
solubilize these compounds may have inacti- 
vated the system; also, the side chain on these 
compounds may have prevented access to 
sites within the cell necessary for activity. 
Of interest also is the fact that addition of 
CoQ to ascites cells failed to stimulate de- 
carboxylation via the phosphogluconate oxi- 
dative pathway(8). Studies are now in prog- 
ress on isolation of the enzyme system and 
the role of coenzyme Q;o and like substances 
will be evaluated on the isolated system. 

Summary. In the human erythrocyte, men- 
adione is capable of supporting oxygen con- 
sumption. In this respect, it can replace au- 
toxidizable dyes such as methylene blue that 
have been previously used. Oxygen consump- 
tion, as a measure of the pentose pathway, is 
inhibited by dicumarol. 
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Since the original report(1) describing col- 
orimetric determination of leucine aminopep- 
tidase activity (LAP) in human sera using L- 
leucyl-8-naphthylamide hydrochloride as a 
synthetic substrate, many observers(2,3,4,5,) 
have recorded elevated levels of this enzyme 
in the sera of pregnant human females. Pub- 
lished results are in general agreement in 
showing a gradual rise in serum levels of LAP 
values throughout the second and third tri- 
mesters of pregnancy, with the amount of this 
enzyme at term being from 2 to several times 
the amount present in the normal non-preg- 
nant female or in the pregnant female during 
the first 12 weeks of pregnancy. It has been 
reported(3) that in 3 cases of hydatidiform 
mole and one case of choriocarcinoma LAP ac- 
tivity of the serum was normal, and it has 
been stated(4) that serum levels of this en- 
zyme in patients with pre-eclampsia or chronic 
hypertensive disease were found to be the 
same as in normal pregnancy. No data are yet 
available on serum LAP activity in multiple 
gestation, therefore we report the following 
series of patients with documented twin preg- 
nancies. 

Material and methods. Sera were obtained, 
during the third trimester, from 11 patients 
with radiographically proven twin pregnan- 
cies, and from 25 patients during the same 
stage of gestation with single fetuses. Serum 
LAP activity was determined by hydrolysis of 
L-leucyl-8-naphthylamide hydrochloride, with 
a colorimetric assay of the B-naphthylamine 
liberated. A .2 ml sample of serum is diluted 
with 9.8 ml of distilled water and a 1 ml ali- 
quot of this mixture is incubated with 0.18 
mg of L-leucyl-@-naphthylamide hydrochlor- 
ide dissolved in 2 ml of a 0.18 M phosphate 
buffer at pH 7.2. Incubation is for 2 hours at 
37°C. Hydrolysis is then stopped with 1 ml 


* This werk supported by U.S.P.H.S. research 
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t We acknowledge the help of Dr. Gilbert J. Vos- 
burgh during early phases of this work, 


TABLE I. Comparison of Serum Leucine Amino- 
peptidase (LAP) Activity* in Single and Twin 
Pregnancy in the Third Trimester. 


No.of Wk ges- Mean values 


Pregnancy cases tation and S.D. Range 
Twin i 31-43 1072+ 84 920-1230 
Single 25 31-41 618 +128  347- 860 


* Values recorded as optical density X 10*. 


of 40% trichloracetic acid and 1 ml of 0.1% 
sodium nitrite is added to a 1 ml sample of the 
mixture in a colorimetric tube. Three minutes 
later, after diazotization is complete, excess 
sodium nitrite is decomposed with 1 ml of 
0.5% ammonium sulfamate. A blue color is 
then produced by addition of 2 ml of N-(1- 
naphthyl) ethylenediamine dihydrochloride in 
95% ethanol (0.5 mg per ml) and this is read 
against a blank on the spectrophotometer at 
560 mp. Values are recorded as optical den- 
Sitye xe. 10°: 

Results are presented in Table I. Compari- 
son of the 11 patients with proven twin preg- 
nancies with the control group representing 
the same stage of gestation (third trimester) 
reveals a significant difference. Using the t 
test of significance for non-paired samples, t 
= 12.7***, which exceeds the 0.1% level of 
significance. 

LAP activity of amniotic fluid was found 
to be 50 units on 2 determinations. 

Discussion. The etiology of the increase of 
serum LAP activity in single and twin preg- 
nancy as well as in cancer and other diseases 
is unknown. Umbilical cord blood shows low 
levels of activity as do sera from patients with 
trophoblastic tumors(3). Tissue analyses of 
this enzyme in human placentas reveal no sig- 
nificant increase in LAP activity per unit of 
weight of placenta as gestation progresses (4). 

Since the placental mass in twin pregnancy 
is usually greater than the placenta of a single 
fetus, our results would suggest that the 
amount of normally functioning placental tis- 
sue is related to LAP activity in the maternal 
serum. 


Summary. Serum leucine aminopeptidase 


ASSAY OF ERYTHROPOIETIC STIMULATING FACTOR 713 


(LAP) activity during third trimester of 
pregnancy was significantly increased in 11 
patients with documented twin pregnancy, 
when compared with 25 patients with a single 
fetus of same gestational age. 
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Biological Assay of Human Urinary Erythropoietic Stimulating Factor 


(ESF) * 


(25963) 


JOHN W. WINKERT! AND ALBERT S. GORDON 
Department of Biology, Graduate School of Arts and Science, New York University, N. Y. City 


Previous studies have demonstrated the 
presence of ESF in urine of patients with a 
variety of anemias(1-4). Because of the 
ready availability of Thalassemia patients 
with predictably low levels of hemoglobin our 
efforts have been restricted to these subjects. 
An attempt has been made to correlate con- 
centration of ESF in the urine with hemoglo- 
bin level in the blood of donor subjects at the 
time urine was collected. Although the data 
obtained previously were insufficient to indi- 
cate any association between these factors(4), 
the evidence now available is sufficient to sug- 
gest that concentration of ESF in urine does 
relate to severity of anemia. This information 
is useful as a guide in selection of patients as 
donors of ESF. Based upon the hematocrit 
and reticulocyte responses to ESF, a bioassay 
has been developed which is probably more 
reliable than existing ones which depend upon 
the use of only one parameter in evaluating 
erythropoietic responses. 

Materials and methods. Thirty-four sam- 
ples of urine were collected from 13 patients 
with Thalassemia major at hemoglobin levels 
ranging from 2.5% to 8.0%. The samples 
were frozen immediately and subsequently 
thawed, filtered, and frozen in sterile injec- 
tion bottles until assayed. Mature 170 to 230 
g Long-Evans female rats, maintained upon a 


* Supported by Grant, Nat. Inst. Health, PHs. 
+ From thesis submitted in partial fulfillment for 
degree of Ph.D. 


definite surplus supply of water and Purina 
Laboratory Chow for at least 2 weeks after re- 
moval from the stock cages, were used for as- 
sessment of erythropoietic effects. The size 
of the groups used varied from 3 to 5 animals 
depending upon the precision required and 
availability of material. Each rat received 5 
daily 3 ml subcutaneous injections of urine or 
extract. | Microcapillary hematocrit and 
reticulocyte values were determined prior to 
assay, and upon the day after last injection. 
Reticulocytes were stained with new methyl- 
ene blue according to the procedure of Brecher 
et al.(5). With the aid of an ocular counting 
disk, one-fourth of the erythrocytes in a mi- 
croscopic field were counted while all reticulo- 
cytes in the field were enumerated and divided 
by 4. The percent reticulocytes was calcu- 
lated after counting 1000 cells. 

Results. In Fig. 1 and 2, reticulocyte and 
hematocrit responses are plotted separately as 
functions of hemoglobin levels of donor pa- 
tients. Two equations were derived from the 
analysis of these relations by the method of 
least squares(6). The first equation describes 
the regression of reticulocyte responses in re- 
cipient rats (y) upon hemoglobin levels of 
donor patients (x). 

(a) y=-2.1x + 13.2 
The second equation represents the regression 
of hematocrit responses in recipients (z) upon 
donor hemoglobin levels (x). 

(b) z= -1.8x + 11.1 


714 


INCREASE IN PERCENT RETICULOCYTES 


® 


| 2 3 4 5 6 7 8 
HEMOGLOBIN (GRAMS PERCENT) 


FIG. 1. Reticulocyte responses in ESF treated rats 
as a function of hemoglobin values of donor pa- 
tients. 


It is clear from the negative slopes of these 
regression lines that ESF concentration in 
urine increases with decreasing hemoglobin 
levels in the donor patients. When the 2 
equations are solved simultaneously, an ex- 
pression for y as a function of z is obtained: 

(c) y= -1.16z + .03 

Since the y intercept in relation (c) is 
small, it may be disregarded, and because the 
slope 1.16 within the limits of scatter of the 
data is approximately equal to 1, equation (c) 
may be simplified to y = z. With this con- 
venient approximation, hematocrit and reticu- 
locyte changes (obtained on sixth day after 
initiation of the injections only) may be re- 
garded as equivalent and can therefore be 
averaged or added. The value obtained by 
addition of the rise in hematocrit percentage 
to the increase in reticulocyte percentage is 
referred to as the H-R unit. Potency of an 
ESF preparation is thus expressed in terms 
of response in H-R units obtained by injecting 
a stated daily dose in mg or ml for 5 days. 
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In Fig. 3, response to a single preparation 
is plotted as a function of urine dose in ml. 
The response is neither a linear nor a logarith- 
mic function of the dose. Nevertheless, com- 
parisons may be made between preparations 
diluted to an activity of about 10 H-R units. 
In some cases, approximate comparisons may 
be made between preparations assaying from 
0-10 H-R units with the assumption that the 
response is nearly linear in that range. By 
comparison of the response in terms of H-R 
units to a standard preparation (CS-1) sup- 
plied by Dr. Henry Borsook with the response 
to this preparation estimated by the method 
of Fried et al.(8) and White et al.(9), it has 
been tentatively established that a daily dose 
which produces a 1.3 cobalt unit response by 
the latter method will elicit an H-R response 
of 1 unit. 

Discussion. It is established that urinary 
concentration of ESF increases with severity 
of anemia in Thalassemia subjects. The exis- 
tence of this relation serves as additional evi- 
dence favoring the view that ESF is a feed- 
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FIG. 2. Hematocrit responses in ESF treated rats 
as a function of hemoglobin values of donor pa- 
tients. 
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FIG. 3. Responses of rats in H-R units as a fune- 
tion of daily doses of ESF expressed in ml of urine. 
The line is drawn through the mean values for the 
difference between increases in H-R units observed 
in 3 treated and 3 untreated control rats. Height 
of the vertical lines above and below mean values 

indicates stand. errors of differences in means. 
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back agent which is present in greater concen- 
tration when there is a greater demand for 
increased erythropoiesis. From the curves in 
Fig. 1 and 2 it may be noted that a high po- 
tency urine from Thalassemia subjects can 
reasonably be expected when their hemoglobin 
levels fall below 4 g %. The cut-off point for 
appearance of ESF in urine is approximately 
at hemoglobin levels of 6 g %. It is not cer- 
tain whether this cut-off point occurs at the 
renal threshold, or is merely a fall in ESF 
concentration to levels which are not detec- 
table by the assay. A similar drop in ESF 
in plasma to undetectable levels has been 
noted by Lowy e¢ al. working with rabbits at 
equivalent low hemoglobin values(7). It 
may be that severe anemia enhances the dis- 
crepancy between rate of production and rate 
of utilization of ESF such that the factor ac- 
cumulates to demonstrable levels. 


The biological assay for ESF in terms of a 
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single parameter such as the reticulocyte re- 
sponse alone, or Fe’ uptake by red cells(8,9) 
is hazardous since any agent which produces a 
hemolytic anemia would be likely to produce 
a positive response. Use of 2 parameters, 
such as the reticulocyte and hematocrit re- 
sponses tends to remove this difficulty but it 
would appear cumbersome to base a unit on 
2 separate assay parameters. Nevertheless, it 
has been found possible to add reticulocyte 
and hematocrit increments (in 6-day assays 
only) and thus obtain a single H-R unit. 
This unit has the advantage that hemolytic 
effects frequently observed in animals re- 
sponding to crude urine are likely to be can- 
celled out. Once the potency of a crude urine 
sample is established in terms of H-R units, 
fractionation of ESF is more economically fol- 
lowed by the method of Fried e¢ al.(8) and 
White e¢ al.(9) since their assay, which is 
based on the Fe? incorporation into the 
erythrocytes of starved rats, requires injection 
of less ESF. On the other hand, for screening 
large numbers of samples of urine for ESF ac- 
tivity under circumstances where only a few 
samples are likely to be potent, the H-R unit 
assay is the more economical one, for it eli- 
minates the costs involved in use and dis- 
posal of Fe®®. 


Summary. Concentration of ESF in the 
urine of Thalassemia patients increases with 
severity of anemia. Subjects with hemoglobin 
levels below 4 g % may reasonably be ex- 
pected to provide urine with a high titre of 
human ESF. A biological assay depending 
upon the single unit obtained by the additive 
changes in hematocrit and reticulocyte values 
of rats has been developed which produces a 
cheaper and more reliable method of screening 
samples for ESF activity than the starved rat 
red cell Fe®® uptake procedure. The latter 
method, however, is more sensitive and there- 
fore more useful in following the purification 
of ESF preparations of established potency. 
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Effect of Dietary Lipids on Growth of Transplantable Neoplasms in Mice.* 
(25964) 


CAROLYN H. LINGEMAN, Epwarp B. SMITH AND PARKER R. BEAMER 
Department of Pathology, Indiana University School of Medicine, Indianapolis 


The effects of total restriction of diet on in- 
cidence and growth of neoplasms in experi- 
mental animals have been summarized by 
Tannenbaum(1) and by Cowdry(2). Neo- 
plasms inhibited by dietary restriction are 
spontaneous mammary tumors, induced skin 
tumors, induced sarcomas, primary lung tu- 
mors, and leukemias. Spontaneous tumors 
are affected more than are artificially induced 
tumors. 

Diets with a high content of fat have en- 
hanced development of certain spontaneous 
and artificially induced neoplasms in rats and 
in mice(3), including _ stilbesterol-induced 
mammary carcinoma in rats, chemically in- 
duced hepatic carcinoma in rats, and carci- 
noma of the skin in mice produced by tars and 
polycyclic hydrocarbons. The fatty acid com- 
position and degree of saturation of the fats 
used in most of these experiments varied and 
showed no consistent effect, but varied with 
individual neoplasms. 

This report deals with a comparison of the 
effects of diets containing various lipids upon 
incidence and rate of growth of L1210 lym- 
phatic leukemia in DBA/2 mice and the 
adenocarcinoma 755 in C57 BI/6 mice(4). 
These transplantable tumors were selected be- 
cause their characteristics are consistent and 
predictable. The dietary fats were selected 
to compare the effects of fats with a high con- 
tent of u-s:turated fatty acids with those with 

* Supporto! by grant from U.S.P.HS. 


a lower content of unsaturated fatty acids. 

Materials and methods. L1210 leukemia in 
DBA/2 mice. Two hundred fifty adult 
DBA/2 mice, 125 males and 125 females, 
were divided into 5 dietary groups of 50 mice 
each, (25 males and 25 females). They were 
approximately 4 months of age when special 
diets were substituted for Purina Laboratory 
Chow. The artificial diets were identical in 
composition except for fat content (Table I). 
The basic material, “fat-free” diet powdert, 
consisted of vitamin-free casein (21.1%), 
alphacel “cellulose” (16.45%), sucrose 
(58.45%), salt mixture (4%), and vitamins. 
Diet A (group A mice) consisted of the basic 
powder, Vit. Bye (3 wg/100 g diet), folic acid 
(0.2 mg/100 g diet), and ascorbic acid (0.1 
g/100 g diet). Diets B, C, and D (groups B, 
C, and D) consisted of the basic diet powder 
and added vitamins plus 11% (by weight) of 
corn oil,} hydrogenated vegetable oils,S or 
lard.|| The characteristics of these various 
fats are shown in Table II. 


The mice were maintained on the special 


t Nutritional Biochemicals Corp., Cleveland. 

t Mazola, Corn Preducts Co., Argo, Ill. furnished 
through the courtesy of Mr. Neal E. Artz. 

§ Shortening J (similar to Crisco), Procter and 
Gamble Co., Cincinnati, furnished through the cour- 
tesy of Mr. W. H. Meyer. 

|| Reliable Packing Co., Chicago, Ill, through the 
courtesy of Mr. Hugo E. Wistreich, who also supplied 
a chemical assay of this product. 
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TABLE I. Composition of Synthetie Diets. 
““Mat-free’’ base — c Fat ~ 
Caron % total calories, 
Protein hydrate Cellulose Corn Hydrogenated saat on waiine oral cay 
(casein) (suerose) and salts oil vegetable oils Lard vie 
; Carbo- Pro- g final diet 
{i 2/100 g diet =) Fat hydrate tein mixture 
A ileal 58.5 20.5 5 
; 20. evs, — XO} 358 
B 18.8 52.3 18.3 10.5 DAY END I5) OXI) 5) 415 
C 18.8 52.3 18.3 10.5 2229 ee DG:d8 205 415 
D 18.8 52.3 18.3 10.5 22:0 ae OF OED) 415 


diets, ad lib., and tap water, for 7 months 
prior to inoculation with L1210 leukemia. 
During this preliminary period, mice from 
each group expired from various causes. Sev- 
eral mice of group A (minimal fat diet) devel- 
oped signs of “essential fatty acid deficiency” 
(5), in most instances promptly relieved by 
addition of minimal amounts of corn oil to 
the diets. 

Seven months after the beginning of the 
special diets, half of the surviving mice in 
each group received, intraperitoneally, 0.1 ml 
of a 1:100 dilution (in 0.25% methyl cellu- 
lose in 0.85% NaCl) of ascitic fluid that had 
been freshly aspirated from the peritoneal 
cavity of a DBA/2 mouse with L1210 leuke- 
mia (approximately 71,000,000 tumor cells 
per mouse). The mice which were not inocu- 
lated served as controls. 

The mice in all groups, both inoculated and 
uninoculated, continued to receive the special 
diets, ad lib., and tap water, until spontaneous 
deaths occurred. Daily total body weights of 
all inoculated mice and periodic body weights 
of uninoculated control mice were made. 

All of the L1210-inoculated mice expired 
within 12 days following inoculation (Fig. 1). 
Fluid was withdrawn from the peritoneal cav- 
ity of these mice, smeared on slides and 


stained with Wright’s stain. Histologic sec- 
tions were made of organs from all mice. . 

Adenocarcinoma 755 in C57 BIl/6 mice. 
Eighty male C57 B1/6 mice (age 4 months) 
were divided into 4 dietary groups of 20 each. 
Groups A, B, and C received diets identical in 
composition except for the fat content and 
tap water, ad lib. Group A received diet A, 
(fat-free), group B received diet B (11% 
corn oil), and group C received diet D (11% 
lard). Group D (controls) received Purina 
Laboratory Chow. The composition of these 
diets was identical to those described in the 
preceding section. 

Five days after beginning of the special 
diets, 10 mice in each group received a sub- 
cutaneous implant of fresh adenocarci- 
noma 755 which had been removed from the 
donor mouse and chopped into uniform pieces 
1 to 2 mm in diameter. To eliminate varia- 
tion in viability of the tumor cells, implants 
were given alternately to the mice in each 
group. The 40 control mice received no tu- 
mor. 

All mice, including the uninoculated con- 
trols, continued to receive the special diets. 
The inoculated mice were examined daily for 
tumors, which, in the majority, appeared 
within 8 or 9 days as a subcutaneous nodule 


TABLE II. Characteristics of Fats. 


Predominant constituent fatty acids in % 


———— Saturated 


Unsaturated ———_, 


=~ 


Iodine Myr- Pal- Palma- Approx. Lino- Lino- Approx. 
Fat No. istic mitie titie Stearic total Oleic leic lenic total 
Corn oil 125 2 9.9 2.9 13.0 30.1 56.2 86.3 
Hydrogenated 76 Saturated fatty acids consist 24.5 65 10 5 75.5 
vegetable oil primarily of palmitic and 
product* stearic acids. 
Lard 59 9) 29.5 3.1 16.5 51.0 37.0 9.4 46.4 
(approx. ) 


* Shortening J consists primarily of soybean 


and cottonseed oils. 
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DAYS FOLLOWING TUMOR INOCULATION 


GROUP A 
MINIMAL FAT 
DIET 


(13 Inoculated) 


GROUP B * 1 Died the 
Day Following 
Inoculation, 
CORN OIL DIET 
(18 Inoculated) 1 
GROUP C 
HYDROGENATED 
VEGETABLE OIL 
DIET 
(11 Inoculated) 
GROUP D 
LARD DIET 
(14 Inoculated) 
GROUP E 
CONTROL 
PURINA CHOW 
(12 Inoculated) 
FIG. 1. Survival of DBA/2 mice after inoculation 


on day 1 with L1210 leukemia. Numbers over ver- 
tical bars represent No. of animals. 


near site of inoculation. Total body weights 
of all mice were determined on alternate days. 
The tumors were measured daily by means of 
a vernier caliper and consisted of the product 
of the greatest dimension and a dimension at 
a 90 degree plane from the greatest. Several 
tumors grew rapidly resulting in death of the 
hosts. Because by the 21st day, a total of 
6 mice had expired, surviving mice of all 
groups, including uninoculated controls, were 
sacrificed by deep chloroform anesthesia. The 
tumors were carefully removed and weighed 
in the fresh state. Because metastases were 
found in only 2 mice, they were not included 
in the final tumor weights. Histologic sec- 
tions were made of the organs and tumors 
from all mice. 


Results. L1210 leukemia. Examination of 
smears of the peritoneal fluid and histologic 
sections revealed that all inoculated mice had 
developed classical lymphatic leukemia. There 
was no significant difference in distribution of 
leukemic infiltration in any of the dietary 
groups. All mice had slight to moderate infil- 
tration of the liver; more than one-half had 
definite involvement of the bone marrow 
(sternum), and adrenal glands. Insignificant 
numbers of mice in various groups had infil- 
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tration of the lungs, epicardium, kidneys, skin, 
and gastrointestinal tract. 

None of the uninoculated control mice de- 
veloped signs of leukemia during the interim 
between inoculation of L1210 leukemia and 
death of the inoculated mice, nor did any die 
during this period. A few are living after 17 
months of maintenance on the special diets; 
some have ultimately developed spontaneous 
lymphatic leukemia or other neoplasms. The 
results of the effects of the various diets upon 
development of the spontaneous neoplasms 
will be reported later. 

Adenocarcinoma 755. There was no sig- 
nificant difference in the mean time of ap- 
pearance of tumors in any of the 4 dietary 
groups (Table III). By the 9th day after 
tumor implantation, one-half of the mice in 
each group had grossly palpable tumors; by 
the 21st day all inoculated mice in all groups 
had detectable tumors. None of the uninocu- 
lated controls developed tumors. All of the 6 
mice (one in group A, 2 in group B and 3 in 
group D) which had expired by the 21st day 
had large tumors. Fig. 2 shows rate of growth 
of the tumors in each dietary group expressed 
as the product of 2 dimensions as described 
above. 

Tumors of mice of all groups grew at ap- 
proximately the same rate until the 14th day 
when those of group B mice began to lag 
slightly. The fastest rate of tumor growth 
occurred in groups A and D. Tumor weights 
compared favorably with measurements cal- 
culated in this manner (Table IV). The 
largest tumors occurred in group D (controls, 
regular diet) and the smallest in group B 
(artificial diet with corn oil). Some of the 
tumors were not weighed because portions had 


TABLE III. Time of Appearance of Grossly Palp- 
able Tumors.* 


Dietary groups Days after implantation 


of mice 10 133 15 22 
A 5 8 8 10 
B 5 9 10 10 
@ 5 8 8 10 
D 6 8 8 9t 


* Figures in vertical columns represent total No. 
of mice with grossly palpable tumors on any day. 

+ One mouse expired on day of tumor implanta- 
tion. 


LipIps AND NEOPLASMS IN MIcrE 


2 RUA GIES (TOUIMIOLUR. 16 1 Z0E 


On------ © GRouP A 


AY 


@—-—-—2 GROUP B 
o——© GrouPc 
o——6 croup pb 


0.0 + t t t t t t t t + eat + 


10 M1 12 13 14 15 16 17 18 19 20 24 22 
DAYS FOLLOWING TUMOR IMPLANTATION 


FIG. 2. Rate of growth of adenocarcinoma 755 in 
C57 B1/6 mice. Tumor size is expressed by product 
of 2 dimensions (in em), as explained in text. 


become necrotic and in several instances had 
been partially eaten by other mice. 

Although the mice of group A received no 
fat during the 4 weeks of the experiment, none 
developed overt signs of “essential fatty acid 
deficiency”’(5), nor did the lack of fat sig- 
nificantly affect development or rate of growth 
of the tumors. Incidence and rate of growth 
of tumors in mice of all dietary groups were 
almost identical to those of the mice main- 
tained on Purina Laboratory Chow (approxi- 
mately 5% fat). Average total body weights 
of the uninoculated control mice on diets with 


TABLE IV. Comparison of Weights and ‘‘Surface 
Areas’’ of Tumors on Day of Death. 


““Surface 
Wt of tumors areas’’” 
Dietary groups (g) of tumors* 
of mice Avg Range Avg Range 
A 5.03 .91-8.64 4.8 1-9.4 
B 3.70 1.35-5.90 4.8 3.1-7.8 
C 4.73 .18-9.20 5.0 5-8.5 
D 6.29 4.46-7.99 6.3 5.48.7 


* Caleulated by method described in text. 
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11% (by weight) of fat were not more than 
one or 2 grams higher than those of the mice 
receiving Purina Laboratory Chow. The mice 
which developed tumors appeared to gain 
weight, but when final tumor weights were 
subtracted from total body weights, it was 
found that they actually lost weight as the 
tumors developed. 

Histologic sections of inoculated mice re- 
vealed that all had typical adenocarcinomas. 
Metastatic tumors were found in only one 
mouse of group A and one of group C, in both 
cases to the liver and abdominal lymph nodes. 
Uninoculated mice did not develop neoplasms 
of any type. 

Summary. The incidence of susceptibility 
of inbred mice to 2 transplantable neoplasms, 
L1210 leukemia and adenocarcinoma 755, was 
not influenced by variation in the dietary fats. 
Diets deficient in fat likewise had neither in- 
hibiting nor stimulating activity in the patho- 
genesis of the 2 neoplasms. 


The authors are indebted to Dr. Clyde Culbertson 
and Dr. Irving Johnson, Eli Lilly and Co., for help 
in supplying mice and transplantable tumcrs, and to 
Mr. James F. Glore, Dept. of Illustration at the 
Medical Center, for preparation of graphs. The 
capable technical assistance of Pearl Driver, Betty 
Corya, Shirley Stockslager, and Donna King is also 
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Testosterone Regulation of 178-Hydroxysteroid Dehydrogenases.* 


(25965) 


CuHarLES D. KoCHAKIAN AND BARBARA R. ENDAHL 
University of Alabama Medical Center, Birmingham, Ala. 


Guinea pig liver and kidney utilize diphos- 
phopyridine nucleotide (DPN) or _ triphos- 
phopyridine nucleotide (TPN) as the hydro- 
gen acceptor in conversion of testosterone to 
4 - androstene - 4,17 - dione(1,2). The coen- 
zymes are linked with specific enzymes which 
function independently even in an homoge- 
nate(3). This report indicates that the ac- 
tivity of these enzymes in the kidney but not 
the liver is regulated by testosterone. 


Methods and materials. DPN (Pabst) was 
used as purchased. Testosteronet for enzyme 
assay was further purified(4) and dissolved in 
water at 32 pg/ml(3). Testosterone propi- 
onate+ was injected subcutaneously daily. 
Normal and control guinea pigs were injected 
with sesame oil. Animals. Guinea pigs (Zei- 
met Bio-Farms) were kept in screen bottom 
metal cages in an air conditioned room at 22- 
23°. They were fed Jim Dandy rabbit pel- 
lets with a supplement of 50 mg of ascorbic 
acid twice per week (Table I) or Rockland 
guinea pig diet with supplements of 30 g car- 
rots and 25 mg ascorbic acid twice per week 
(Table II). Castration was performed under 
ether anesthesia. Guinea pigs were stunned 
by blow at base of skull and bled by severing 
blood vessels at neck. Liver and kidneys were 
removed and homogenized in ice-cold 0.25 M 
sucrose. Liver homogenate was diluted to 5 
g/100 ml and the kidney to 10 g/100 ml. De- 
hydrogenases were determined as previously 
described(3). The reaction mixture con- 
tained: 1.0 ml 0.18 M sodium pyrophosphate 
pH 9.5, 1.8 ml testosterone 32 ng/ml and 0.2 
ml of DPN (15 mg/ml) or TPN (5 mg/ml). 
Water was substituted for testosterone in the 
blank cell. The reactants were warmed to 
40° prior to use. The reaction was initiated 
by addition of the ice-cold homogenate in the 


* These studies were aided by research grant from 
Nat. Cancer Inst. P.HS. 

t Testostercne provided by Syntex. 

t Testosterone propionate provided as Perandren 
by Ciba Pharmaceutical Products. 


following amounts: DPN enzyme 0.06 ml 
liver, 0.15 ml kidney and TPN enzyme 0.08 
ml liver, 0.05 ml kidney. The appearance of 
reduced coenzyme was recorded at 340 my 
in a Cary Model 14 Spectrophotometer at 38°. 
A unit of enzyme has been designated as a 
change in optical density of 0.001 per minute. 


Results. Body and organ weights. Changes 
in body and organ weights after castration 
and testosterone propionate treatment were 
as expected(5,6,7). The androgen produced 
a small increase in body weight and restored 
the weight of seminal vesicles and prostates 
(Tables I, II). Liver and kidney weights 
were not significantly changed by either cas- 
tration or testosterone propionate injections. 


178-hydroxysteroid dehydrogenases.  Ac- 
tivity of enzymes of the liver was not signifi- 
cantly affected by castration or androgen 
treatment (Table I). Enzymes of the kidney, 
on the other hand, were decreased by castra- 
tion and restored to normal by injections of 
androgens for 14 days. Similar results were 
obtained when doses of 5, 10 and 25 mg/day 
of testosterone propicnate were administered 
for 65 days (Table II). Restoration of activ- 
ity of the dehydrogenases preceded restora- 
tion of weight of the accessory sex organs 
(Tables 5 i): 

Discussion. The difference in response to 
castration and androgen treatment between 
the 178-hydroxysteroid dehydrogenases of the 
kidney and liver suggest that these enzymes 
are associated with different functions in the 
2 tissues. Many enzymes which apparently 
catalyse identical reactions have been demon- 
strated to respond differently in liver and kid- 
ney after castration or androgen administra- 
tion(8). Furthermore, enzymes of the kid- 
ney have proved to be more responsive to con- 
centration of androgen in the body(8,9). It 
is of interest, therefore, that the 178-hydroxy- 
steroid dehydrogenases of the liver were not 
affected while those of the kidney responded 
to castration and androgen administration. 


= 


TESTOSTERONE AND 178-HYDROXYSTEROID DEHYDROGENASES (Al 
TABLE I. Effect of Castration and Testosterone Propionate on DPN and TPN 17g-Hydroxy- 
steroid Dehydrogenases of Liver and Kidney of Male Guinea Pig.* : 
178-Hydroxysteroid dehydrogenases 
Liver Kidney 
Sem. ves. DPN TPN DPN A EUN| 
& pros., g c- u/mg > 
Normal 3.92 10.5 5.5 94 + .083 4.0 + .27 
Castratedt 57 10.5 6.2 65 + .035 Pay ete ll: 
t+ T Pi 2.54 10.3 5.9 86 + .063 4.0 + .19 


* Seven animals/group. 


t Guinea pigs castrated at 58 days of age, 406-553 g body wt. Injections begun 36 days later 


and continued 13 to 16 days. 


+ 5 aa rs 
¢ Testosterone propionate (Perandren, 50 mg/ml) was inj. subeut. at 25 mg/day. 


It should also be noted that administration 
of the androgen restored activities of the 2 
enzymes to normal but not above normal 
level. Responses of the dehydrogenases are 
similar to those observed for arginase and al- 
kaline phosphatase(9). 

The presence and relative activity of the 
steroid dehydrogenases have been suggested 
as regulator mechanisms for the manifold ef- 
fects of androgens and as an explanation for 
their differential effect on various tissues and 
among animal species(1,8). The guinea pig 
apparently uses 178-hydroxysteroid dehydro- 


TABLE II. Effect of Dose and Extension of Tes- 

tosterone Propionate Injections on 17g-Hydroxy: 

steroid Dehydrogenase Activities of Guinea Pig 
Liver and Kidney.* 


17g-Hydroxysteroid 
dehydrogenases 


Liver Kidney 
Son vest Dt, LEN DPN TPN 
& pros., g u/mg — 
Normal 6.49 Os sl 1.09 3.5 
Castrated 1.05 8.6 5.5 ME Pa 
Castrated{ + 5.53 S25 eos0|| Ue Be 
5 mg/day 
TPS$ 
Castratedt + 6.04 10.57 5.19 HOW BY 
10 mg/day 
TP$ 
Castratedt + 7.16 92 5.4 1.09 4.0 


25 mg/day 
ARIEAS 


* Four animals/group. 

+ Kidney and liver wt not significantly changed. 

¢ Castration performed at 68 days of age 549-698 
g body wt. 

§ Inj. begun day of castration and continued 
daily except Sunday for 65 days. Daily dose was 
contained in 0.5 ml of sesame oil. 

|| Single determination. 

q Two determinations. 


genases of the kidney and not the liver as a 
regulator to maintain a homeostatic mixture 
of androgens in its body. The doses of an- 
drogen were excessive and prolonged, yet ac- 
cessory sex organs and muscles(7) were not 
stimulated to greater than normal levels. Lo- 
calization of this mechanism in the kidney 
might be peculiar to the guinea pig. Admin- 
istration of androgens alters activity of the 
38 and 3a-hydroxysteroid dehydrogenases in 
the liver of the rat and other species but not 
that of the guinea pig(10). The adrenal cor- 
tical steroids also influence dehydrogenases of 
rat-liver. Administration of prednisone ace- 
tate or prednisolone acetate increased the ac- 
tivity of an adrenal cortical steroid dehydro- 
genase (change in Porter Silber reaction) (11). 
This increase in enzyme activity has been 
suggested as the mechanism for increased tol- 
erance of glucocorticoids by patients after 
prolonged treatment with these steroids. 

Summary. Castration of male guinea pigs 
produced a decrease in activities of DPN and 
TPN 17-hydroxysteroid dehydrogenases of 
the kidneys. Subcutaneous injection of tes- 
tosterone propionate for 14 days restored ac- 
tivities of kidney enzymes. Extension of in- 
jections to 65 days gave no further changes. 
Dehydrogenases of liver were not affected by 
castration or androgen administration. Ratio 
of DPN to TPN dehydrogenase was approxi- 
mately 2:1 in liver and 1:4 in kidney. DPN 
enzyme activity of liver was approximately 10 
times that of kidney. 
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Erythrocyte Repopulation in X-Irradiated Recipients of Nucleated, 


Peripheral Blood Cells of Normal Mice. 


Raymonp A. Popp 


(25966) 


(Introduced by A. Hollaender) 


Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 


Unitarian and polyphyletic theories of 
blood cell formation have been discussed for 
many years(1). Many hematologists agree 
that the fixed stem cell may be pluripotent, 
but the capacity of more mature forms, and 
particularly of circulating cells, to dedifferen- 
tiate toward less-mature blast forms is not 
universally accepted. Studies with tissue cul- 
ture technics have indicated that numerous 
morphological types can be derived from ap- 
parently pure blood cell cultures(2). Much 
information about blood cell differentiation 
may also be obtained by use of an in vivo cul- 
ture system in mice, in which normal hema- 
topoiesis has been destroyed by X radiation. 
In such mice, Merwin(3) showed that leuko- 
cytes of leukemoid blood produce immunolo- 
gically competent cells, and Smith e¢ al.(4) 
reported that leukemoid leukocytes differen- 
tiated into erythroblasts. Since leukemoid 
blood contains many immature cells, prelimi- 
nary observations that circulating leukocytes 
from normal mice may produce erythroblasts 
in irradiated recipients are herein reported 
because of their important implications about 
the dynamics of normal hematopoiesis. 

Materials and methods. A program was 
initiated to produce coisogenic strains of mice 
that differ at the hemoglobin locus. The 
scheme was essentially similar to that of Snell 
(5). The “single” type hemoglobin of strain 


* Operated by Union Carbide Corp. for U. S. 
Atomic Energy Commission. 


C57BL mice was genetically introduced in 
strain BALB/c, RF, AKR, and 101 mice, 
which possess “‘diffuse” type hemoglobins, and 
the “diffuse” hemoglobin of 101 mice was in- 
troduced into C57BL mice. Technics of starch 
gel electrophoresis(6) and hemoglobin solu- 
bility(7) were used to identify mice that car- 
ried the introduced, genetically controlled, 
type of hemoglobin. At present, the coisogenic 
status of these strains varies from 5 to 8 gen- 
erations of backcrossing. 

Sixteen-week-old BC; coisogenic 101 mice, 
which were progeny of the BC, backcross to 
normal 101 mice and were heterozygous for 
diffuse and single hemoglobins, were given 600 
r of X rays and used as recipients. X ray 
conditions were 250 kvp, 31.5 ma, hvl 0.43 
mm of Cu; the dose rate in air was approxi- 
mately 80 r/min, tissue to source distance was 
93.7 cm. Donor mice were anesthetized with 
Nembutal, ventral skin was removed, and the 
sternum was excised to expose the heart. Car- 
diac blood was withdrawn by means of a hy- 
podermic needle and syringe that contained 
2% sodium citrate as anticoagulant. Twelve 
to 15 ml of blood was pooled from 10 normal 
101 donors, 3-4 months old. White blood cells 
were separated in 15-ml centrifuge tubes by 
centrifugation at 600 X g for 15 minutes. The 
buffy coat and many underlying red cells 
were removed with a pipette and placed in 
Wintrobe hematocrit tubes to be centrifuged 
a second time at 600 X g for 20 minutes. Ap- 
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TABLE I. Percentage of Donor-Type Erythro- 


cytes. 
Days after treatment——_, 
Exp. Animal 15 29 46 49 63 
I 1 0 0 
2 30 “ Or 
ine 3 t 40 25 
+ 0 0 0 
5 60 100 100 


* Mouse died on day 69. 

t Analysis indicated that the graft was partially 
successful, but the mouse was very anemic and 
quantity of donor-type erythrocytes cannot be de- 
termined accurately under such conditions. 
proximately 100 million nucleated, buffy coat 
cells were injected intravenously via the tail 
vein into the 600 r X-irradiated recipients. 
Microscopic examination of stained prepara- 
tions showed that the buffy coat contained 
many platelets and al! forms of normal cir- 
culating white blood cells. Aggregation of 
white blood cells was prevented by use of 2% 
sodium citrate. The technic of HbCO solu- 
bility(7) was used to determine the percent- 
age of donor-type erythrocytes in irradiated 
recipients 30-60 days after treatment. 

Results. Five X-irradiated, coisogenic BC; 
101 mice, heterozygous for diffuse and single 
hemoglobins, have been injected with ~ 100 
million buffy coat cells removed from normal 
101 mice. The percentage of donor-type red 
cells derived from the injected white cell mix- 
ture is indicated in Table I for each recipient. 

Discussion. Although none of the circulat- 
ing cells of normal blood are classified as 
erythroblasts, the data suggest that cells that 
separate with the white blood cell fraction can 
differentiate into erythropoietic cells. Simi- 
larly, no leukemoid blood cells are classified 
as erythroblasts, but leukemoid leukocytes do 
incorporate tritium-labeled thymidine im vitro 
and do differentiate into erythroblasts im vivo 
(4). 

Recipient mice in these experiments are not 
completely coisogenic; nevertheless, the infu- 
sion of white blood cells was performed in a 
parent-to-F, manner, 7.€., parental white 
blood cells to partially coisogenic recipients, 
so that the tendency for rejection of the graft 
at midlethal doses of X rays was minimized 
(8). Analyses made 15-30 days after infusion 
of white blood cells may have been somewhat 
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affected by presence of donor-type erythro- 
cytes in the white cell fraction injected; how- 
ever, analyses at 60 days should not have been 
affected by contamination of donor red cells 
since the life span of mouse red blood cells is 
reported to be approximately 60 days(9). 
Furthermore, increasing quantities of donor- 
type red cells in succeeding tests indicate that 
grafted cells must have been actively prolifer- 
ating. The strain 101 mice used in this par- 
ticular experiment were supplied by a com- 
mercial breeder, and it has recently been dis- 
covered that his 101 stock was not isogenic 
(C. C. Congdon, personal communication) ; 
perhaps the failure of transplantation in mice 
Nos. 1 and 4, and graft regression between 
days 49 and 63 in mouse No. 3 (Table I), re- 
sulted from graft rejection. The proportion 
of donor-type rbc in the latter is greater than 
what might have occurred without at least 
transitory production of new cells by grafted 
progenitors. 


Data presented support the unitarian the- 
ory of blood cell formation in that they sug- 
gest that circulating cells are capable of dif- 
ferentiating into erythroblasts. Perhaps one 
of the morphological types we classify as fair- 
ly mature (i.e., the monocyte or large lympho- 
cyte) is really a free stem cell capable of dif- 
ferentiation into many cell types. Bond et al. 
(10) showed that a small number of such cells 
in peripheral blood of normal human beings 
incorporate tritium-labeled thymidine and 
consequently presumably can divide. From 
studies of blood cultures, Maximow(11) and 
Downey (12) concluded that a distinction be- 
tween the lymphocyte and hemocytoblast is 
perhaps artificial. Furthermore, Pierce(13) 
and Downey and Stasney(14) showed that 
staining characteristics of a cell do not clearly 
indicate its maturity since mature cells may 
have more basophilic cytoplasm than less-ma- 
ture forms. Whether our results can be as- 
cribed to the lymphocytic, granulocytic, or 
erythrocytic series, or perhaps all of these, 
is being investigated by using tissues primar- 
ily composed of such elements and peritoneal 
exudates. 


The adoptive transfer of transplantation 
immunity conferred by use of whole blood 
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(15) and the deleterious effect of isologous 
whole blood for homologous bone marrow 
transplantation in mice(16) should be reinter- 
preted in the light of these findings. Trans- 
plantation immunity can be conferred with 
as few as 50,000 cells of a Peyer’s patch(17) 
and 80,000 isologous bone marrow cells are 
able to protect against hematopoietic failure 
induced by X radiation(8). Hence, since the 
white blood cell count is ~ 8 million per ml of 
whole blood, the proportion of the circulating 
cells that are able to divide may be as high as 
1%. 

Summary. Strains of mice are being pro- 
duced that are isogenic with inbred stocks ex- 
cept for the hemoglobin locus. With mice of 
such strains, experiments were carried out to 
ascertain whether peripheral blood of normal 
mice contain cells capable of repopulating the 
marrow of irradiated recipients. In 3 of 5 re- 
cipients injected intravenously with ~ 100 
million nucleated peripheral blood cells after 
600 r, increasing numbers of graft-derived 
erythrocytes were noted within 60 days after 
treatment, indicating the presence in peri- 
pheral blood of cells that are able to give rise 
to mature erythrocytes. 
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ENip NEIDLE* AND MacGnus I. GREGERSEN 
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Some years ago Cruickshank and Whitfield 
(1) claimed on rather scant evidence from 
time-concentration curves on cats that ‘“‘gob- 
bling” of T-1824 by the reticulo-endothelial 
system leads to an overestimate of plasma vol- 
ume upon first injection of this dye. Further- 
more, they suggested that “a previous ‘satu- 
rating’ dose of dye should be injected before 
a determination is made in order to abolish 
the ‘absorption curve’”. Judging from the 
questions directed to our laboratory from 
time to time, even as recently as the present 
- * Present address: New York Univ. College of 
Dentistry, Physiology Dept., New York City. 


year, we have the impression that Cruick- 
shank and Whitfield’s report, often referred to 
as the “cat effect,” is still considered unchal- 
lenged. To be sure, the experiments of 
Cruickshank and Whitfield have not, to the 
best of our knowledge, been exactly repeated 
but since the question has been raised with 
us again, we decided to report the results of 
experiments made by one of us in 1946-47 
(E.N.) which were designed to test the ‘‘cat 
effect.” Our reasoning was that if the claims 
regarding this phenomenon were true, then the 
plasma volume obtained by the second of 2 
successive injections of T-1824 should be 


So-CaLiLep “Cat EFrFrEct” oF CRUICKSHANK AND WHITFIELD 


smaller than the first. In a series of experi- 
ments on unanesthetized normal cats and 
dogs, in which 2 successive determinations of 
plasma volume were made with T-1824, we 
found that the outcome was quite the oppo- 
site. 

Materials and methods. The experiments 
were carried out on 11 dogs and 9 cats without 
anesthesia after a preliminary period of train- 
ing. The T-1824 injections were made into 
the jugular vein with a calibrated syringe im- 
mediately after withdrawing the usual control 
blood sample. In dogs the average dose of 
T-1824 for each test was 11.5 mg/kg body 
weight and in cats, 9 mg/kg. The post injec- 
tion blood samples were drawn from the con- 
tralateral veins at 5, 10, 15, 20, 30, and some- 
times also at 45 and 60 minutes after each in- 
jection of dye and immediately transferred 
to hematocrit tubes containing an adequate 
amount of powdered heparin to prevent clot- 
ting. The second injection was made imme- 
diately after drawing the last sample from the 
first series and subsequent dye-tinged sam- 
ples were read against this “blank,” the first 
series being read against the initial dye-free 
control sample, either in a Koenig-Martins 
spectrophotometer at 620 millimicrons (cats) 
or with a Nickerson decade photometer 
(dogs). Optical densities were then plotted 
on semilog paper and extrapolated in the usual 
manner to determine D, for calculating plas- 
ma volume. Plasma protein concentrations 
were measured with a refractometer and from 
these the dye curves were corrected for fluid 
shifts to obtain fair estimates of the dye dis- 
appearance rates. Hematocrit values obtained 
by centrifugation at 3000 rpm (radius 19 cm) 
for 30 minutes were corrected for plasma trap- 
ping using the factor 0.96. It should be noted 
that total blood volumes were calculated using 

PV x 100 
100 — Hct x 0.96 
the total blood volume values have not been 
adjusted for the Fens factor which in any 
event is known to be subject to large varia- 
tions in the unanesthetized dog(2) and per- 
haps also in the cat. 

Results. The relevant data from the ex- 
periments on cats and dogs are shown in 


Hence 


the equation BV = 


.the first. 
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Tables I and II respectively; mean values and 
standard deviations are given at the bottom 
of each table. In all but one experiment on 
cats (4M where the 2 plasma volumes were 
the same) the second plasma volume was 
larger than the first, the mean difference for 
all 9 experiments being 8.4% (s.d. + 4.6). 
In the dogs the second plasma volume was 
also larger than the first except in 6F where 
the second volume was nearly 3% less than 
However, we may note that in this 
experiment neither hematocrit value nor 
plasma protein concentration showed the 
gradual fall characteristic of the other tests 
and usually observed with repeated sampling. 
Nevertheless, in the dogs the second plasma 
volume averaged 6.4% (s.d. + 7.8) larger 
than the first, corresponding fairly well with 
the difference noted in the cat experiments. 


Disappearance rates of T-1824 are shown 
at extreme right of each table. These are 
higher in cats than in dogs and also higher 
after the first injection than after the second 
in both groups of animals. Although heart 
rates reveal fairly large individual variations 
in both cats and dogs, it will be seen that in 
any one experiment the values did not change 
radically during the period of the test. 


Plasma volumes in ml/kg body weight in 
the cats ranged from about 30 to 56 with a 
mean value of 41 (+ 8). In the dogs corre- 
sponding values range from about 45 to 83 
with a mean of 63 (+ 14). Total blood vol- 
umes in cats ranged from about 52 to 97 ml/ 
kg with a mean of 71 (+ 16); in dogs the 
range was from 78 to 145 with a mean of 110 
(+ 20). As stated above, these total blood 
volumes cannot be taken as true values since 
the calculations were made without regard for 
unequal distribution of red cells in the circu- 
lation which in any event is unpredictable in 
conscious dogs(2) and perhaps also in cats 
with the spleen intact. 

Discussion. The fact that the disappear- 
ance rates are higher after the first than after 
the second injection of dye would seem to lend 
support to the claims of Cruickshank and 
Whitfield, but only if the first plasma volume 
were larger than the second. We have seen 
from Tables I and II that quite the reverse 
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TABLE II (continued). 


Heart 
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Ct <e- 9.0; 


Date 
6/10/46 


and sex 


Dog No. 


So-CALLED “CAT EFFECT” OF CRUICKSHANK AND WHITFIELD 


obtains. Loss rates can obviously be in- 
fluenced by regional distribution of blood and 
rates of flow as well as by “gobbling” mechan- 
isms; and on distribution and flow we have 
no more information in our experiments than 
did Cruickshank and Whitfield. Cruickshank 
and Whitfield also show one test (how many 
others were done is not reported) with small 
and large injections of dye purporting to in- 
dicate that ‘‘the amount of dye taken up by 
the absorbing system is practically indepen- 
dent of the concentration of dye in plasma” 
(1). This question was investigated exten- 
a sively in dogs by Allen and Gregersen(3) who 
a found satisfactory agreement in volumes de- 
t termined in succession first with small and 
then with excessively large amounts of T-1824 
giving plasma concentrations in excess of 1 
mg/ml. 

| While no one denies that the reticulo-en- 
dothelial system and other tissues take up 
dye, the crux of the matter is whether or not 
a 68 this absorption is sufficient during the “mix- 
ing period” to invalidate the extrapolation 
4 method for determining the theoretical value 
C, used in calculating plasma volume. The 
oe strongest kind of circumstantial evidence sup- 
ae ports extrapolation as a valid method of cor- 
ae recting for the loss of dye (and other test sub- 
stances) during mixing. Briefly this evidence 
in part consists of a) the experiments of Allen 
and Gregersen(3) and b) the repeated demon- 
stration that in those species in which T-1824 
is firmly bound to albumin this dye has the 
same volume distribution as various other 
test substances including bovine albumin, bo- 
vine globulin, the polysaccharide S III, hemo- 
globin, I’?! tagged albumin(4) and dextran 
(S00) 

The decreases in hematocrit values and 
plasma protein concentrations shown in Ta- 
bles I and II are of interest here chiefly be- 
cause they accord both in direction and mag- 
nitude with the changes in plasma volume 
measured by successive injections of T-1824. 

Conclusion. In animal species in which T- 
1824 is firmly bound to the plasma proteins, 
absorption of dye by the reticulo-endothelial 
system and other tissues during the “mixing 
a period” is not a significant source of error in 


6.4 
pay 
7.9 


) 
1) 12. 
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+18.3 s.d. 


+20.4 s.d. 


ml/kg 
1) 109.8 


vol, ml 
920 
940 
973.8 
993.9 


iN) 
2 
1 
2) 


vol, mi/kg 
7 


vol, ml 


(refract) 
1) 6.64 
2) 6.42 
3) 6.12 


%o 
1) 40.6 
2) 39.6 
3) 38.5 


Wt, kg 
9.2 
9.01 


Mean 
* See footnote Table I. 
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measurement of plasma volume with this dye. 
With T-1824, as well as with other suitable 
test substances, back-extrapolation of the 
time concentration curve on a semi-log plot 
provides satisfactory correction for loss dur- 
ing the mixing period. 
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F..u; Walues in the Normal and Splenectomized Cat: Relation of 


Ficus to Body Size. 


(25968) 


Patricia N. FARNSWORTH, CorAzon M. PautiIno-GONZALEZ* AND 
Macnus I. GREGERSEN 
Department of Physiology, College of Physicians and Surgeons, Columbia University, New York City 


The purpose of the present investigation 
was to carry out simultaneous measurements 
of plasma and cell volume in normal and 
splenectomized cats with T-1824 and Cr’! to 
determine the F..1.' value in this species and 
to study the effect of filling and emptying of 
the spleen on the F..1, factor. 


Materials and methods. Fourteen healthy 
male cats were selected for the studies which 
covered the period from Sept., 1958 to May, 
1959. All cats were given anti-feline dis- 
temper serum and acromycin and kept for one 
month under uniform laboratory conditions 
before making any observations. Nine cats 
were then splenectomized and allowed to re- 
cuperate for 4 to 5 weeks before attempting 
measurements on blood volume. With one 
exception, 2 determinations were done on each 
cat and these were made not less than 10 days 
apart to avoid the effect of previous blood 
sampling on the results. It should be noted 
that the procedures were designed to limit 
blood sampling to 5 to 10 ml for a complete 
determination of both red cell volume and 
plasma volume. 


* Public Health Service Fellowship, Division of 
International Health, present address: University of 
the Philippines College of Medicine, Manila. 

overall cell % 


take = : 
cells —~ venous cell % 


Since the spectral absorption curve of T- 
1824 is different in the plasma of various ani- 
mals(1), the dye was standardized in cat 
plasma. Values for optical density of a 1:500 
dilution of 0.5% T-1824 (Warner, lot No. 
046033) in plasma were obtained on a Beck- 
man B spectrophotometer using 10 mm ab- 
sorption cells. The peak of spectral absorp- 
tion on our instrument was at 630 mu. At 
this wave length average optical density was 
0.80 (s.d. + 0.035). Hematocrit determina- 
tions were done by centrifugation at 3000 
rpm (radius 19 cm) for 30 minutes. The 
trapping factor was determined by the method 
described by Wang(2). In 12 experiments, 
average value for the trapping factor was 
found to be 0.96 with a standard deviation of 
a= (0401s 

Utilizing the methods described below, a 
series of beaker experiments were performed 
on known amounts of cat blood. The overall 
error in these 7m vitro experiments was well 
under + 2%. 

On the day before each experiment, a 2 ml 
sample of blood was withdrawn from the cat 
and incubated at 37°C for 45 minutes with 
approximately 20 pc of Abbott’s rachromate. 
The cells were then separated from the plasma 
by centrifugation and carefully washed 2 or 
3 times with cold isotonic saline to remove un- 
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bound Cr?! and stored in the icebox for sub- 
sequent use. 

All animals were given water ad libitum but 
no food for at least 12 hours before experi- 
ment to avoid the interference of lipemia in 
the optical density readings of T-1824. For 
experiments under anesthesia, 30 mg of Nem- 
butal per kilo of body weight were given in- 
traperitoneally. In experiments without an- 
esthesia the cat was placed in a supine position 
on a cat board and tied down as lightly as 
possible to prevent obstruction of the circu- 
lation as described by Hamlin and Gregersen 
(3). After the cats became accustomed to 
this routine. blood sampling generally pro- 
ceeded smoothly. 

The amount of T-1824 injected was meas- 
ured by weighing a tuberculin syringe before 
and after filling with about 0.20 ml of dye. 
The radioactive cells which had been prepared 
on the preceding day were washed once again 
and resuspended in cold isotonic saline. Just 
prior to injection a calibrated 2 ml syringe 
was used to withdraw an aliquot sample of 
the labeled cells. At the same time, 3 stand- 
ards were prepared by placing 1 ml aliquot 
samples of the cell suspension in each of 3 
calibrated 25 ml volumetric flasks which were 
then filled to the mark with distilled water to 
produce hemolysis. One ml aliquots of the 
standards were later counted in an Atomic As- 
sociates multiscaler counter, model 1071. 
From the average result, number of counts 
per ml of cell suspension and total number of 
counts injected were calculated. 

Using a heparinized syringe, 1.5 ml of 
blood was withdrawn from the femoral vein 
to serve as a “blank” for the cell and plasma 
volume determinations. The needle was left 
in the vein and the blank sample promptly 
transferred to a 4 ml hematocrit tube. The 
tagged cells were injected first, the dye in- 
jection following immediately thereafter and 
the times noted. The syringe used for radio- 
active cells was rinsed in 20 ml of distilled 
water and a | ml aliquot sample was counted 
to calculate the residual activity in the 
syringe. This value was subtracted from total 
number of counts originally in the syringe to 
determine the actual number of counts in- 
jected into the cat. Likewise, the dye syringe 
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(and the needle) were withdrawn and rinsed 
in 10 ml of saline. The rinse was then cen- 
trifuged and the clear, blue-tinged superna- 
tant fluid was read against saline in the Beck- 
man B spectrophotometer at a wave length of 
620 mp to calculate amount of residual dye 
in the syringe. This was subtracted from the 
original weight of dye in the syringe to deter- 
mine actual amount of dye injected. 

Following the injections of labeled cells and 
dye, five 1.5 ml samples were drawn from a 
femoral vein with heparinized syringes at 
about 10 minute intervals and transferred to 
4 ml hematocrit tubes. These were centri- 
fuged and hematocrit values recorded and cor- 
rected, using the trapping factor of 0.96 to 
obtain the cell percentage for each sample. 
The plasma was pipetted off and centrifuged 
to insure a clear solution for the optical 
density readings which were made in micro 
cells against the “blank” plasma. Plasma 
protein concentrations in all samples were 
calculated from refractive index readings on 
the Abbe refractometer. The time concen- 
tration curve of the dye was plotted using ap- 
propriate corrections for fluid shifts as re- 
vealed by the plasma protein readings and 
plasma volume calculated by back extrapola- 
tion in the usual manner(4). 

A very simple procedure was devised for 
preparation of cell samples for counting. The 
plasma that had been removed from the he- 
matocrit tube was exactly replaced by a 1% 
saponin solution using a fine pipette. One 
ml from each sample of the hemolyzed cells 
was then counted and from this and from the 
cell percentage the counts per ml of cells can 
be accurately calculated. Total cell volume 
was determined by dividing this value into 
total number of counts injected. 

From the determined values of plasma vol- 
ume, cell volume and venous cell percentage, 
the following calculations were made: 


Total blood volume = Cell volume + plasma volume 


Total cell volume 


Overall cell % = 
Total blood volume 


Overall cell % 
~ Venous cell % 


1 artis 


Results. Table I shows the results of 2 
plasma volume determinations on 9 splenec- 
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TABLE I. Plasma Volumes on Spleneetomized 
Cats under Nembutal. 
Cat No. NG Body wt (kg) PV (ml) 

1 2 2.93 37.8 

2 2, 3.23 40.5 

3 2 Bee 34.8 

4 2 3.38 42.1 

6 2 4.19 Silo 

7 2 3.30 38.4 

8 2) 3.06 42.4 

9 2 2.84 43.9 

10 2 3.66 41.4 
Mean of 9 cats and S.D. 39.9 +2.8 


* N;, No. of observations on each animal. 


tomized cats anesthetized with Nembutal. 
The average plasma volume per kilo body 
weight is 39.9 (+ 3.0). In Table II, we have 
tabulated the results of simultaneous meas- 
urements with T-1824 and Cr*! on 7 of the 
same cats when unanesthetized. (Two of the 
animals had died before these tests could be 
completed.) In this series mean plasma vol- 
ume is 36.65 ml/kg, cell volume (RCV) 11.8 
ml/kg, total blood volume 50.3 ml/kg. The 
calculated Fee, values fall within a narrow 
range from 0.76 to 0.80 with a mean of 0.78 
+ .01. It should be noted that the average 
disappearance rates of T-1824 in anesthetized 
and unanesthetized animals were 14.8 and 
15.4% per hour respectively. 

The upper part of Table III shows the re- 
sults of simultaneous cell and plasma volume 
determinations from 5 normal cats (spleen in- 
tact) under Nembutal anesthesia before and 
after injections of adrenaline. The lower part 
of Table III gives results of the same tests 
on 3 splenectomized cats, also under Nem- 
butal. In the former group before injection 
of adrenaline, Fyn, values ranged from 0.88 to 
1.06. In each instance the Feng value falls 
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markedly after adrenaline is given, while ve- 
nous cell percentage is seen to rise. In the 3 
anesthetized splenectomized cats, F.eus; value 
ranged from 0.79 to 0.83 and these values 
hardly change after injection of adrenaline, 
nor is there any marked change in venous cell 
percentage. 

The contrast in the effects of adrenaline on 
Fens value and venous cell percentage in the 
normal and splenectomized cats is shown 
graphically by the typical experiments plotted 
in Fig. 1 and 2. 
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FIG. 1. Results from a typical experiment on an 
unanesthetized splenectomized cat showing the 
characteristic time-concentration curve of T-1824, 
and the minor variations in both venous ¢ell per- 
centage and plasma protein concentration. Cr°! 
counts not included in the diagram were constant 
within +1.0% throughout. Note that the 2 adrena- 
line inj. (indicated by the arrows) had little if any 
effect on the variables shown. 


Discussion. When using either the plasma 
volume-hematocrit or the cell volume-hema- 
tocrit method for “estimating” total blood 
overall cell % ) 


volume, the Feens factor pe 
venous cell % 


must be known and included in the calculation 


TABLE II. Simultaneous Determinations of Plasma Volume and Cell Volume on Splenecto- 
mized, Unanesthetized Cats. 


PV RCV TBV Venous cell Overall cell 

Cat No. Na? IBoshyivin lee 9 == — % x Boe 
Y 2 3.10 41.5 11.0 52.4 27.2 20.8 Stud 
3 2 3.20 32.5 11.5 44,7 32.7 25.8 79 
6 1 3.60 Bont 11.8 46.2 Boul 25.5 alld 
7 2 3.09 33.6 Wali 50.6 29.8 22.8 .76 
8 2 2.70 35.6 12.5 48.5 32.1 25. 80 
9 2 2.18 43.8 12.6 57. 28.4 22.0 Hee 
10 2 3.80 35.9 Tali 52.8 28.5 2212 78 
Mean 36.7 11.8 50.3 30.3 23.5 .78 

= .01t 


* N,, No. of observations on each eat. 


+ Stand. dey. 
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TABLE III. The Effect of Adrenaline* on F,.,;, Value and Venous Cell Percentage. 


PV RCV TBV Venous cell Overall cell 
Cat No. Date Bodywt,kg ml/kg = Feeiis 
Normal, anesthetizedt cats 

5) 2/19/59 2.79 34.6 hail 52.3 DOL 33.6 95 

45.7 33.6 ihe 
iat 2/18/59 3.48 44.9 16.8 61.7 25.4 26.8 1.06 
36.7 26.8 Wi 
13 3/ 5/59 3.25 36.9 WE 50.6 30.7 26.9 88 
40.3 26.9 67 
15 3/7 3/59 3.33 52.0 See 65.7 20.7 20.8 1.00 
Bow 20.8 61 
16 3/25/59 Sool Soul 12.2 47.3 27.0 25.7 .95 
88.5 25.7 67 

Splenectomized, anesthetizedt cats 

3 1/16/59 Boss 33.6 12-7 46.3 Siledt 25.8 .83 
88.2 25.8 SO 
3 2/10/59 3.48 33.0 12.8 45.8 BS) 5) 26.4 19 
ily 26.4 So 
2 2/ 4/59 B55 39.6 ley 53.3 piles 25.6 82 
82.3 25.6 AAG) 


* Values obtained after injections of adrenaline are shown in italics. For typical spacing of 


injections, see Fig. 1 and 2. 
t+ Nembutal, 30 mg/kg intraper. 
to arrive at a true estimate for total blood vol- 
ume(4). The present experiments show that 
in the splenectomized cat this Fins factor is 
O78 (sidins=, OL): 

From the experimental results given in 
Table III it is obvious that in cats with spleen 
intact, as in normal dogs(5), ‘‘estimates” of 
blood volume from measurement of either cell 
volume or plasma volume alone are unreliable 
since the F.ens factor is highly variable de- 
pending on the state of the spleen. 
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FIG. 2. Graphic presentation of effects of adrena- 


line inj. (arrows) on venous cell percentage and 
F..11;, value in cat #11 (solid line) and cat #15 
(broken line) from Table III. 
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FIG. 3. Showing that the observed differences in 
Feeis Values (upper curve) and ‘‘extra plasma’’ 
(lower curve) in various species are related to body 
size. Revised from figure published previously 
(Gregersen, M. I., Chinese Med. J., 1959, v6, 171). 


The mean F.ens value of 0.78 in splenecto- 
mized cats agrees with other evidence that 
species differences in the Fis value may be 
fundamentally related to body size. This is 


le a 


BLoop VOLUME IN SYMPATHECTOMIZED-SPLENECTOMIZED Docs 


shown in Fig. 3 originally constructed from 


Fens values from the literature tabulated by 
Gregersen and Rawson(4) and here revised 
to include the final value obtained in the 
splenectomized cat. It is apparent from Fig. 
3 that the smaller the animal, and hence the 
smaller the F..ns value, the greater is the de- 
viation in uncorrected “estimates” of total 
blood volume from the “true” or “measured” 
blood volume. This fact largely explains the 
differences between the ‘measured’ total 
blood volumes on cats reported here and 
uncorrected “estimates” reported by Neidle 
and Gregersen(6) because the mean of the 
measured plasma volume (in ml/kg) in their 
study is in close agreement with ours, the two 
values being 41.0 ml/kg and 39.9 ml/kg re- 
spectively. 


Summary. The Fens factor in the splenec- 


Blood Volume in Sympathectomized-Splenectomized Dogs.* 
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tomized cat is 0.78 (sd. + .01), but with 
spleen intact the F..us factor is highly variable 
as shown by the striking effects of adrenaline 
on the F.., value in the normal anesthetized 
cat. Evidence is presented indicating that 
species differences in the F..n, value may be 
fundamentally related to body size. 
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SHu CHIEN (Introduced by Magnus I. Gregersen) 
Dept. of Physiology, College of Physicians and Surgeons, Columbia University, New York City 


When both plasma and cell volumes are 
determined simultaneously, one obtains a true 
measure of total blood volume and can calcu- 
late the overall cell percentage(1). The ratio 
of overall cell percentage/large vessel cell per- 
centage, or Feens factor, is quite constant in 
normal splenectomized dogs and averages 0.87 
or 0.88(2-4). The most reasonable explana- 
tion for an Fens factor lower than unity is 
that the cell percentage of the blood in small 
vessels is lower than that in the large arteries 
and veins(1). Thus, the F..n, value would 
depend upon the relative volume, as well as 
relative cell percentage, of blood in the 2 com- 
partments, namely the small vessels and the 
large vessels. Since peripheral circulation is 
under the control of sympathetic nervous sys- 
tem, it is interesting to see if the removal of 
sympathetic activity would alter distribution 
of cells and plasma, which is reflected in the 
Feens Value. A few measurements of cell and 


* Investigation supported in part by grant from 
China International Fdn. 


plasma volumes in sympathectomized-splenec- 
tomized dogs were briefly reported in a pre- 
vious paper dealing with the circulatory ad- 
justment to hemorrhage(5). In the present 
study, 33 measurements of blood volume were 
made on 20 sympathectomized-splenectomized 
dogs. The Fens factor, as well as cell volume, 
plasma volume, arterial cell percentage, and 
plasma protein concentration, are reported 
and compared with those in splenectomized 
dogs with sympathetics intact. 

Material and methods. Nine male and 11 
female mongrel dogs were used. Total thoraco- 
lumbar sympathectomy and splenectomy were 
performed as described earlier(5), at least 4 
weeks before the experiments. Blood volume 
was measured without general anesthesia. 
Preparation of the animal, measurement of 
cell volume with Cr®! and plasma volume with 
T-1824, and determination of hematocrit and 
plasma protein concentration were carried out 
in the manner reported previously (4). 

Results. The results are listed in Table I. 
Arterial cell percentage is calculated from the 
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TABLE I. Blood Volume in Sympathectomized-Splenectomized Dogs. 


Dog Date of Baw. Art. PiPe VPVe CV ei Vee iec greece Oy esha 
No. lastop. Exp.date (kg) cell% (g%) —(ml)—— factor ——(ml/kg)—, 
A. Male dogs 
1 5/17/56 6/19/56 9.8 42.5 6.62 531 298 829 .8388 54.2 30.4 84.6 

9/22/56 10.5 41.4 6.01 535 342 877 .915 51.0) 32.6 8375 

11/16/56 10.6 40.9 6.21 575 345 920 917 54.2 32.5 86.8 

2° 4/10/56 8/7 7756 7.6 46.6 Tedd TA289027 SAO GS45 meno Om O.0mmoe.o 
9/15/56 8.2 36.0 6.47. 522 245 767 .862 63.7 29:9 93.5 

12/ 3/56 8.6 38.7 6.87 538 284 822 .871 62.6 33.0 95.6 

4 10/ 8/56 11/16/56 9.9 43.6 6.21 484 296 780 .871 48.9 29.9 78.8 
1/23/57 LOM, © 45:8 6.47 508 352 860 .893 47.5 32.9 80.4 

7 6/11/58 7/9/58 11.6 45.4 6.26 559 373 932 881 48.2 32.2 80.3 
8/ 4/58 11.7 43.0 631 647 391 (1038 §877  55:35°33-4. 983857 

8 6/17/58 7/18/58 9:7 42.1 5.86 480 2920 (772> 18985) 40%) S300 TO. 
3/24/59 10.0 43.8 5.66 447 277* 724 _— 44.7 27.7 72.4 

9 6/30/58 7/31/58 9.6 37.5 6.56 583 278 861° .861 62.3 30.6 93.0 
8/25/58 9.7 40.0 6.42 604 297 901 .825 60.8 29.0 89.8 

1277/29/58 8/27/58)" LO 41.2 6.62 682 378 1060 867 63.7 35.3 99.1 
12/29/59 12.9 49.8 6.47 607+ 469 1076 = 47.2 36.3 83.5 

13 2/10/59 4/22/59 10.0 45.7 6.31 545 341 886 .848 54.5 34.1 88.6 
16 3/12/59 5/29/59 10.8 41.6 6.42 673 357 1030 .832 62.3 33.0 95.4 
Mean 10.1 42.5 6.39 869 54.8 32.2 87.0 

Stand. dey. 1.26 3.41 37 .028 6.44 2.47 7.15 

B. Female dogs 

3 7/26/56 8/23/56 8.1 36.8 5.61 418 196 614 .870 51.6 24.3 75.9 
ll/ 4/56 ise) 43.9 7.02 423 261 689 .863 54.2 33.0 87.2 

DLAC 7565 27 0/ on 9.1 — 34.4 6.31 582 257 839 .892 64.0 28.2 92.2 
6 1/22/57 2/24/57 8.6 41.0 6.26 482 277 759 890 56.0 32.2 88.2 
10 7/17/58 8/13/58 10.7 41.4 5.96 547 302 849 .860 511 28:2 7913 
8/29/58 10.9 42.7 5.81 636 360 996 846 58.3 33.0) 913 

4/17/59 = 11.5 41.7 6.36 556 320 876 875 48.3 27.8 76.1 

WW 7/15/58 ~—- 8715/58 7.2 45.5 5:09) 300 2205 O00 SLOM sol ome ole MmESoeS 
11/10/58 8.5 47.4 5.76 386 260 646 .848 45.5 30.6 76.0 

14 2/17/59 4/24/59 7.9 45.4 6.16 391 253 644 .866 52.1 33.8 85.9 
iby By Sys) yAlpys) lls) ales} 621 (608328) 1930 eSo0N aloe Stommoied: 
17 6/25/59 87 5/59 7.6 39.4 d-ld) 33635 179 SO420 838s eee oR Ome rleS 
18 6/29/59 8/13/59 9.4 47.1 5.30 938) 370. | 9147 870) 572258399 Oa 
LO 7/13/59 9)/93//59 9.3 44.7 6.26 432t 276 708 — AOD 2st Ose 
20 7/21/59 11/19/59 8.1 41.9 6.26 407+ 234 641 = 50.2 28.9 79.1 
Mean 9.1 42.3 5.99 861 52.5 30.2 82.7 

Stand. dey. 1.46 3.61 49 .020 4.91 4.00 7.40 


* CV calculated from PV, art. cell %, and an assumed F..11, factor of .87(4). 


EVE mee ae ONE 

ratio of height of red cell column plus buffy 
coat to total sample height in the hematocrit 
tube, with correction for the plasma trapping 
factor 0.96(6). Plasma protein concentration 
is computed from the refractive index(7). Cell 
volume (CV) is calculated from the red cell 
volume (RCV) with the formula: 

VE Reg ee 
arterial red cell % 

Blood volume (BV) is obtained by summing 
plasma volume and cell volume. The Fyens 


Idem 


factor is computed from the formula: 


CV/BV 
a LOO 


laa = 
a arterial cell % 


Discussion. 1. Comparison of male and fe- 
male dogs. Average PV/kg, CV/kg, and BV/ 
kg are all higher in the male animals (Table 
I). This is what one would expect from the 
findings in man(8). These sex differences in 
the present study, however, are not statisti- 
cally significant (P >0.05 with t test for all 
3 volumes). The arterial cell percentage is al- 


| 
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TABLE II. Analysis of Variance for Male Sympathectomized-Splenectomized Dogs. 


Nature of Source of Sumof Degreesof Mean F- 

measurement variation squares freedom square ratio Ss Sa Vis?=b 42 
CV, ml/kg Among dogs 68.67 8 8.58 2.18 

Composite error 35.46 9 3.94 

Total 104.13 17 

Stand. dey. 1.98 1.53 2.51 
PV eee Among dogs 491.33 8 61.42 2.59 

Composite error 213.69 9 23.74 

Total 705.02 17 

Stand. dey. 4.88 4.39 6.55 
BV wars Among dogs 662.42 8 82.80 3.60* 

Composite error 207.28 9 23.03 

Total 869.70 17 

Stand. dev. 4.80 5.50 7.30 
F.ei1s factor Among dogs .00615 8 .000781 1.03 

Composite error .00530 ff .000758 

Total .01145 15 

Stand. dey. 0275 00364 .0278 


* Significant at .05 level. 


most identical in the 2 groups, whereas plasma 
protein concentration is higher (P <0.02) in 
the male. The F..u, factor, 0.869 for the male 
and 0.861 for the female, is almost the same 
in the 2 groups (P >0.3). 

2. Analysis of variance(9). Since repeated 
measurements were made on several male 
dogs, one can analyze and study the compo- 
nents of variance in this group (Table IT). 
Two possible components of variation can be 
isolated from these experiments. One compo- 
nent, which is estimated as s* (mean square 
for ‘composite error’ in Table II), is that re- 
sulting from repeat observations made on the 
same dog. It may include measurement error, 
dietary effects, seasonal and age changes, etc. 
Another component, estimated as s,”, is that 
resulting from observations made on different 
dogs and reflects biological variability. If 
there are true differences among these male 
dogs as far as can be detected here, then the 
mean square for ‘among dogs’ should contain 
the second component of variance estimated 
by sa”, in addition to the first component esti- 
mated by s? (mean square for ‘composite er- 
ror’). The F-ratio (mean square for ‘among 
dogs’/mean square for ‘composite error’) thus 
tests the extent to which differences among 
dogs exceed the error in the same dog. The 
magnitude of the F-ratio for various measure- 
ments is in the order: BV/kg, PV/kg, CV/kg, 
and Fens factor (Table II). From the F-ratio 
and a comparison of s and sy (Table It), it 
would appear that the individual differences 


for F.ens factor are no greater than would be 
expected from chance alone. For blood vol- 
ume, on the other hand, these male sympathec- 
tomized-splenectomized dogs appear to exhibit 
true biological differences. These findings are 
similar to those in the rhesus monkey(10). 

3. Comparison of sympathectomized with 
non-sympathectomized dogs. In Table III, 
the results for the male sympathectomized- 
splenectomized dogs in the present study are 
compared with those of 22 male splenecto- 
mized dogs subjected to the same experimental 
procedures(4). The sympathectomized dogs 
have higher averages for PV/kg, CV/kg, and 
BV/kg. The differences are significant at the 
5% level for cell volume and blood volume, 
but not for plasma volume. In an earlier re- 
port on a smaller number of animals, sympath- 
ectomized-splenectomized dogs(5) were also 
found to have a higher blood volume per unit 
body weight (85.9 ml/kg) than splenecto- 
mized dogs (81.4 ml/kg). The difference in 
blood volume in that study, however, was en- 
tirely attributable to plasma volume (sym- 
pathectomized - splenectomized, 56.1 ml/kg; 
splenectomized, 50.8 ml/kg). The discrep- 
ancy between the 2 series in this aspect is dif- 
ficult to explain. For one thing, the compari- 
son in the earlier report(5) was made without 
regard to sex. Difference in nutritional status, 
seasonal variations and age may also be con- 
tributory factors. Comparison of data on the 
same animal before and after sympathectomy 
would probably be more conclusive than the 
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TABLE IIT. Comparison of Sympathectomized-Splenectomized and Splenectomized Dogs. 
ene ee 


B.W. Art. cell iEAPS PV CV BV Halts 
(kg) Yo (g %)  —— (ml/kg) ——. factor 

A. Spleneetomized* Mean 10.6 41.5 6.18 52.2 30.2 82.4 .88 
S.D. 2.72 30 6.02 3.12 7.48 .020 

B. Sympathectomized- Mean 10.1 42.5 6.39 54.8 32.2 87.0 87 
splenectomized S.D. 3.41 37 6.44 2.47 7.15 .028 

Mean B— Mean A +1.0 +.18 +26 +20 +4.6 —.01 

t 1.03 1.69 1.32 2.21 UGH ALO) 

iP 3 all 2 04 05 3 


* Data taken from 22 male splenectomized dogs reported by Rawson, Chien, Peng and Dellen- 


back(4). 
comparison of population means. 


Arterial cell percentage, plasma protein con- 
centration and F.ens factor for the 2 groups 
of animals show no significant difference (P 
>0.05, Table IIT). An unchanged F..onus value 
after sympathectomy would indicate that the 
removal of sympathetic system does not cause 
marked changes in distribution of cells and 
plasma in the large and small vessels. Al- 
though sympathectomy causes some dilatation 
of blood vessels and tends to increase the vol- 
ume of blood in the small vessels, the result on 
Fens factor suggests that this increase is either 
not very large or is accompanied by a con- 
comitant decrease in cell percentage in these 
vessels. 


Summary. With the use of Cr®! and T- 
1824, cell and plasma volumes are measured 
in sympathectomized - splenectomized dogs. 
Average cell volume, plasma volume, and 
blood volume are 32.2 ml/kg, 54.8 ml/kg, and 
87.0 ml/kg respectively for the male dogs; 
and 30.2 ml/kg, 52.5 ml/kg, and 82.7 ml/kg 
respectively for the females. These sex differ- 
ences are not statistically significant. A com- 
parison between sympathectomized-splenecto- 
mized dogs and splenectomized dogs shows 
higher cell and blood volumes (significant at 


the 5% level) for the former group. Analysis 
of variance demonstrates significant individual 
differences in blood volume among the male 
sympathectomized-splenectomized dogs. The 
F.eus factor shows neither significant individ- 
nal difference nor sex difference, and is un- 
changed by sympathectomy. 
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The F.cus factor (overall cell percentage /ve- 
nous cell percentage) is quite constant in 
splenectomized dogs, and is not apparently 
changed by variations in hematocrit level, 
transfusion or hemorrhage(1-3). It is well 
known that cardiac stimulation and vasocon- 
striction due to sympathetic activity consti- 
tute important circulatory adjustments to 
hemorrhage(4,5). Such compensatory mech- 
anisms may conceivably adjust the distribu- 
tion of cells and plasma in the circulation and 
contribute to the constancy of Fon, value 
after hemorrhage. To test this possibility, the 
Feeus factor in sympathectomized-splenecto- 
mized dogs is determined after hemorrhage 
and compared with the prehemorrhage value, 
which has been shown to be the same as that 
in splenectomized dogs(6). 

Materials and methods. ‘Twenty-five experi- 
ments were done on 19 unanesthetized mon- 
grel dogs, sympathectomized and _ splenecto- 
mized(5) at least 4 weeks before experiments. 
Preparation of the animal, measurement of 
cell and plasma volumes, determination of 
hematocrit and plasma protein concentration, 
and removal of blood were performed as de- 
scribed elsewhere(3). The control blood vol- 
ume of these experiments is given in the ac- 
companying paper(6). One to 2 hours after 
removal of 146 to 362 ml of blood (19 to 43% 
of the control blood volume), posthemorrhage 
blood volume was measured. 


Results. In Table I, results are tabulated 
in the descending order of percent of control 
blood volume remaining when posthemorrhage 
measurements were made. Posthemorrhage 
cell volume was either measured directly with 
Cr5! (CV in Table 1), or calculated as the 
difference between control cell volume and 
volume of cells removed (CV’). In 6 dogs, 
both CV and CV’ were determined, and they 
show very good agreement (Table I). In 19 
of these 25 experiments, posthemorrhage F cus 


* Investigation supported in part by grant from 
China International Fdn. 


value was within the control range of 0.82 to 
0.92(6). The other 6 dogs had values lower 
than 0.80 after hemorrhage, the lowest value 
being 0.725 (dog #15). The relation between 
Feens factor and % of initial blood volume re- 
maining is shown in Fig. 1. The 6 low values 
were obtained in experiments where blood vol- 
ume was reduced to 73-77% of the control. 
Discussion. 1. Fees factor after hemor- 
rhage. Although the F..n, value is unchanged 
in splenectomized dogs after hemorrhage(1,3) 
or sympathectomy(6), it decreases in some 
sympathectomized-splenectomized dogs after 
hemorrhage. Therefore, the sympathetic ac- 
tivity after hemorrhage probably aids in re- 
distribution of cells and plasma between large 
and small vessels such that a relationship sim- 
ilar to the prehemorrhage one can exist. That 
the sympathetic activity is not the only factor 
involved in this redistribution is evidenced by 
the fact that most sympathectomized-splenec- 
tomized dogs still have F..u; values after hem- 
orrhage comparable to the control. Zweifach 
(7) has shown that the compensatory be- 
havior to hemorrhage of the small vessels in 
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FIG. 1. Relationship between posthemorrhage 


Fees factor and percent of control blood volume 
remaining. Open circle and vertical bars denote 
mean and stand. dey. of control F..:,;, factor. The 
two horizontal lines across the graph represent 
range of control F..1,, factor. Note the 6 low 
F.e11, Values obtained in a range of 73-77% blood 
volume remaining. LD; for sympathectomized- 
splenectomized dogs after hemorrhage is found 
with 72% of blood volume remaining(8), as indi- 
cated by the arrow. 


738 F.eny VALUE AFTER HEMORRHAGE 
DAB Bee Hees actonam Sympathectomized-Splenectomized Dogs after Hemorrhage. 
— Control———_, (IR NO) 8 1S << > 
Dog No. Date Body Art. Bi Ese elemor: se Avr tees Vine © Ven © Vimeo BV Peers 
and sex of exp. wt (kg) cell% (ml) vol (ml) cell % ———-(ml) —~ % factor 
= ; m6 : ‘ ses 37 «= 86.4 = «875 
8 7/18/58 9.7 42.1 772 ~—-.898 146 41.3 426 241 667 ; 
6 ‘ 3/ oe 8.5 42.1 793* .890T 155 40.0 420 235 — 655 82.6 .897 
14 © 4/24/59 Han 45.4 644 ~=—.866 187 ADA 1340) WS45 ite Jo2d SOS oo 
Daa 12/ 9/56 9.1 Bs 858* .859t 209 34.1 491 198 — 690 80.1 .842 
bs 4 4/22/59 10.0 Aa 886 848 255 Alo “441 234 (234 67a. 7a ae 
ae T/ASViON ales! 44,2 811* .882t 247 39.3. 419 208 — 627 77.3 .844 
10 9 4/17/59 11.5 41.7 876 875 267 S7A0) 67 0 Sie OO AO men ilo 
19 9 9/ 3/59 oF 44.7 708 — ugh ALO) 357. = el S643 Osim cS 
A 11/24/56 10.0 41.4 880*  .890t 236 38.2 446 227 — 673 76.5 .882 
20 9 11/19/59 8.1 41.9 641 — 193 39.4 338 149 1155 490- 76.5 787 
3 © 2/ 6/57 9.0 38.3 Leo GON 252 33.4 416 159 — 575 76.0  .828 
ial ©) 8/15/58 Wee 45.5 600  .819 201 40.2 318 — 186 454 75.7 -.745 
Si 3/24/59 10.0 43.8 724 215 41.4 372 174 — 546 75.4 .771 
ye 8/25/58 9.7 40.0 901 825 255 86.5 472 — 203 675 749 .825 
5) 10) 1/ 8/57 Oe Beil 782* 892t 196 34.8 402 181 — 583 74.5 .891 
12a 8/27/58 10.7 41.2 1060 .867 356 36.1 542 — 244 786 74.1 .859 
) & 7/31/58 9.6 Oo) 861 861 241 34.9 448 — 188 636 73.9 .848 
i 9 8/ 5/59 7.6 39.4 542 .838 180 36:4 2860 = 1S S99 732 Ommeead 
10 @ 8/13/58 alors 41.4 849 .860 328 35.5 450) ==") 7A 62473 ome se 
18 9 8/13/59 9.4 47.1 914 .870 285 42.5 420 — 251 671 73.4 £.880 
15 9 5/15/59 HES 41.3 936 .850 379 36:0) 2505 eai4 T82eOSSan folOMmnio 
ne 8/ 4/58 HN 7/ 43.0 1038 877 340 36.47 505)  —— 2d IOs ieee 
paar 12/29/59 12.9 49.8 1076 — 362 44.5 469 299 298 768 71.4 .874 
10 @ 8/29/58 10.9 42.7 996 846 339 36.5 454 — 229 683 68.6 .918 
TSO 11/10/58 8.5 47.4 646 .848 277 39.5 284 — 142 426 66.2 .843 
‘ ; Posthemor. CV + CV out 
* Control BV calculated from the equation BV, = 100. 


~ 87 control art. cell % 


+t Control F..,;, value obtained at a different date. 


the mesentery is a composite of the activity 
of renal, adrenal, and sympathetic homeo- 
static mechanisms superimposed on the intrin- 
sic tone of the blood vessels themselves. 

The critical level (LD;0) for sympathecto- 
mized-splenectomized dogs to survive hemor- 
rhage is when blood volume is reduced to 72% 
of the control(8). This is close to the range 
of remaining blood volume where the low Feu 
values are found. The decrease in F,.., value 
may be due to a relative increase in volume 
of blood in the small vessels and/or a decrease 
in cell percentage there. It cannot be decided 
whether one or both of these factors are oper- 
ating. But pooling of blood in small vessels 
may conceivably diminish venous return and 
become deleterious to the animal. It is inter- 
esting to note that histamine, a vasodilator 
probably causing increase in small vessel blood 
volume, decreases the F..1., value in splenecto- 
mized dogs(9). 

2. Blood volume after hemorrhage. The 
agreement between posthemorrhage cell vol- 
ume directly determined (CV in Table I) and 
that calculated by difference (CV’) validates 


the use of the latter. When there is a change 
of Fens factor following hemorrhage, post- 
hemorrhage plasma volume cannot be calcu- 
lated from the posthemorrhage cell volume 
and hematocrit, as was done in the splenecto- 
mized dogs(5). In the present study, post- 
hemorrhage plasma volume is always meas- 
ured with T-1824. If replacement of plasma 
proteins is negligible within 2 hours after 
hemorrhage, the posthemorrhage plasma vol- 
ume can also be calculated from changes in 
plasma protein concentrations(5): 


IN SS 
PV, X (P.P.),— total plasma protein removed 
(Gees 


where PV; is control plasma volume; (P.P.), 
and (P.P.)» are respectively control and post- 
hemorrhage plasma protein concentrations. In 
Table II, PV2,, are thus estimated and com- 
pared with PVo7-1s94 directly measured with 
the dye. The results are generally in agree- 
ment, and there is no systemic difference. 
Therefore, when posthemorrhage plasma vol- 
ume is not directly determined in sympathec- 
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TABLE II. Calculation of Posthemorrhage Plasma Volume from Changes in Protein Concentration. 


: Total Total 
Dog No. Date (ones ee remGh bn) ( bse... P out) CPAP. iat (PsP) eVect b Visqiie ange 
and sex ofexp. maining (ml) (g%) (g) (g) (g) (2%) (ml) (ml) dev.* 
14 9 4/24/59 80.8 391 6.16 24.09 5.01 19.08 5.66 337 340) = 9 
13 ¢ 4/22/59 77.4 545 6.31 34.39 8.22 26.17 5.61 466 441 +5.7 
10 9 4/17/59 Mage 556 6.36 35.36 9.76 25.60 5.20 492 467 +5.4 
HOleEO 8/15/58 75.7 377 5.35 20.17 5.83 14,34 4.29 384 318 +5.0 
3g 3/24/59 75.4 447 5.66 25.30 6.56 18.74 5.30 354 372 — 4.8 
a) 8/25/58 74.9 604 6.42 38.78 DBT 29.11 5.91 493 472 + 4.4 
Wee 8/27/58 (al 682 6.62 45.15 13.99 31.16 5.81 536 542 = Nell 
Yo 7/31/58 73.9 583 6.56 38.24 9.80 28.44 5.96 477 448 +6.5 
2 8/ 5/59 73.6 363 5.15 18.69 5.23 13.46 4.60 293 286 +2.2 
10 9 8/13/58 73.5 547 5.96 32.60 10.68 21.92 4.95 443 450 =I 
18 9 8/13/59 73.4 538 5.30 28.51 7.98 20.53 4.60 446 420 + 6.2 
15 9 5/15/59 73.0 608 6.26 38.06 13.37 24.69 5.25 470 505 — 6.8 
Le 8/ 4/58 72.8 647 6.31 40.83 11.89 28.94 5.49 531 505 Srooede 
10 9 8/29/58 68.6 636 5.81 36.95 11.72 25.23 5.20 485 454 =Ose 
jh 11/10/58 66.2 386 5.76 22.28 8.57 13.66 5.05 270 284 —4.9 
PVoapp — P Vers 
* % deviation — cis dea aera SLO 
PVoemsse 


tomized-splenectomized dogs, it is better esti- 
mated from changes in plasma protein con- 
centration than from cell volume and hemato- 
crit. 

Summary. In 6 out of 25 experiments on 
sympathectomized - splenectomized dogs, the 
posthemorrhage F..nu, factor decreases to be- 
low the control range. The constancy of Feeus 
factor following hemorrhage in splenectomized 
dogs is partially due to sympathetic activity. 
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Interest in the physiological activity of 
N,N’-diphenyl-p-phenylenediamine (DPPD) 
stems from its ability to substitute for Vit. E 
in prevention and cure of tocopherol deficiency 
diseases, including resorption gestation and 
muscular dystrophy(1,2). That this effect is 
not due to conservation of tocopherols in the 

* This investigation was supperted by grant from 
Muscular Dystrophy Assn. of America. 


tissues is evident from the fact that rate of 
decline of Vit. E in the liver of animals fed a 
diet deficient in the vitamin is not affected by 
DPPD administration, and that the antioxi- 
dant has curative as well as preventive activ- 
ity(2). Following administration of d-a-to- 
copherol-5-methyl-C!* to rats, most of the 
radioactivity in the liver is present in the 
mitochondria as a-tocopherol, the remaining 
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FIG. 1. Absorbance in ethanol of the product of 
oxidation of DPPD with ferrie chloride. 
counts being located primarily in the micro- 
somes as unidentified metabolites(3). In view 
of the apparent nutritional interchangeability 
of Vit. E and DPPD, the present study was 
designed to determine the extent to which 
DPPD accumulates in the tissues and to com- 
pare its intracellular distribution with that of 
a-tocopherol. A new procedure was developed 
for estimation of DPPD in tissues, based on 
spectrophotometric measurement of the bluish 
green color produced by mild oxidation with 
FeCl,. This method affords greater sensitivity 
than the semiquantitative procedure used by 
Pudelkiewicz and coworkers(4) for estimation 

of DPPD in avian tissues. 

Chemical method. Solutions of DPPD in 
organic solvents are slowly oxidized by atmos- 
pheric oxygen to produce a color which ranges, 
depending upon concentration, from a light 
yellowish brown to a deep reddish brown. The 
oxidation is strongly catalyzed by heat and 
light, and cannot be reversed by sodium bi- 
sulfite. Oxidation with HO. or FeCls leads to 
formation of a bluish green intermediate which 
can be bleached with sodium bisulfite or 
which, upon standing, further oxidizes to form 
the brown product. When the reaction is 
carried out in ether or acetone the existence 
of the intermediate is transitory but in eth- 
anol, at room temperature and in dim light, 
the green color is stable for at least 15 min- 
utes. The absorption curve for this compound, 
determined using the Beckman DU spectro- 
photometer, is shown in Fig. 1. A standard 
curve, based on absorbance at 700 my 
(Ee = 224), followed the Beer-Lambert 


Jem 
Law and permitted estimation of DPPD over 
a range of from 6 y to at least 180 y/3 ml 
sample. Sample measurements were made in 
the above instrument after addition of 1.0 ml 
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of a solution of ethanolic FeCl, (0.1 g/100 
ml) to the sample (or a suitable aliquot) in 2 
ml absolute ethanol. Preparation of samples. 
Acetone rather than ethanol was used for ex- 
traction of animal tissues because of the 
greater solubility of DPPD in acetone and the 
greater ease with which lipids could be re- 
moved subsequently by crystallization. Liver 
samples (about 10 g) were ground with an- 
hydrous Na2SO, until dry and extracted over- 
night with acetone in darkness at room tem- 
perature on a mechanical shaker. Skeletal 
muscle samples were ground with a mixture 
of Na2SO, and acid-washed sand. Saponifi- 
cation of fat samples with alcoholic KOH in 
presence of DPPD resulted in partial oxida- 
tion of DPPD, even in presence of pyrogallol 
and in darkness(5). Consequently the lipids 
were removed by low-temperature crystalliza- 
tion. After filtering the acetone extracts 
through No. 1 Whatman paper and washing, 
volume was reduced to 30-40 ml by vacuum 
distillation at 40°C under Np» and the lipids 
were crystallized by placing the extracts in a 
dry ice-acetone bath at —70°C for 30 minutes. 
The lipids were removed by gentle vacuum fil- 
tration through No. 1 Whatman paper using 
a funnel surrounded by a dry ice-acetone jack- 
et. The residue was washed 5 times with 10 ml 
precooled acetone and the filtrate was evap- 
orated in vacuo under Ne at 40°C, the residue 
being dissolved in a suitable volume of eth- 
anol. The reaction mixture consisted of 2 ml 
of this ethanolic solution to which was added 
1 ml of FeCl; solution. Optical density of the 
sample was read against a reagent blank at 
700 mp. Some samples contained small 
amounts of yellow pigments which necessi- 
tated the use of a sample blank. Known quan- 
tities of DPPD added to lard were recovered 
quantitatively by the above procedure. Ani- 
mal experiment. To determine the degree to 
which DPPD is accumulated in the liver and 
skeletal muscle of rats fed different levels of 
this compound, 3 groups of 3 rats each, weigh- 
ing about 350 g, were maintained for 7 days 
on a commercial stock diet containing .005%, - 
05% or .5% DPPD. After sacrifice, livers 
and samples of thigh muscle were removed 
and prepared according to the procedure out- 
lined. Cell fractionation experiment. Subcel- 
lular distribution of DPPD was determined 
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TABLE TI. Concentration of DPPD in Liver and 
Skeletal Muscle of Rats Receiving Different Die- 
tary Levels (3 Rats/Group). 


Cone. in tissues, y/g fresh wt 


Cone. in diet, % Liver Skeletal muscle 


.005 4.1- 4.5 2.4-2.5 
.05 8.9- 9.3 4,3-4.9 
=) 11.0-13.9 7.7-8.0 


using livers from 3 rats which had been fed 
a commercial stock diet containing .05% 
DPPD for 7 days. Livers were removed under 
ether anesthesia and homogenized in 9 vol- 
umes of 0.25 m sucrose using a smooth-walled 
glass homogenizer and serrated Teflon pestle 
attached to a drill press. Cell fractions were 
prepared in a Servall refrigerated centrifuge 
essentially according to the procedure of 
Schneider (6) except that the microsomal frac- 
tion was prepared by centrifuging at 25,000 g 
for 90 minutes. The mitochondrial and micro- 
somal fractions were dried and extracted as 
described for liver whereas the supernatant 
was lyophilized before extraction. The ex- 
tracted residues were analyzed for nitrogen 
by the microKjeldahl procedure(7). 

Results. The data shown in Table I indi- 
cate concentrations of DPPD in liver and 
muscle which result from feeding 3 different 
levels in the diet. An increase of 100-fold in 
dietary intake induced only a 3-fold increase 
in tissue concentration. The inefficiency with 
which this compound is absorbed from the in- 
testine(8) probably accounts for its failure to 
accumulate in greater amounts in the tissues. 
Nevertheless, intakes of .005% or lower are 
best suited to maintaining reproductivity on a 
tocopherol-deficient regimen owing to the high 
order of chronic toxicity exhibited by DPPD 
for the pregnant female rat(1). 

The intracellular distribution of DPPD, 
based on total recovery in the 3 fractions 
shown, is given in Table II. Over half was 
recovered in the supernatant, about one-quar- 


ter in the microsomal] fraction and a small 
portion in the mitochondria. It is of interest 
to compare these results with those for intra- 
cellular distribution of lipids. With due al- 
lowances for differences in the method used 
for preparation of cell fractions, the data of 
Clement and coworkers(9) depict a generally 
similar distribution pattern for total fatty acid 
esters as well as for various lipid fractions. 
These results indicate that distribution of 
DPPD may be determined largely by its solu- 
bility in intracellular lipid. 

It is also of interest to compare these find- 
ings with those for distribution of the natural 
antioxidant a-tocopherol (Table II). After 
administration of C1*-labelled d-a-tocopherol 
to rats, about 60% of the radioactivity in the 
liver is located in the mitochondria, about half 
as much being present in the microsomes and 
only a small fraction in the supernatant. 
Moreover, the counts recoverable from mito- 
chondria are due primarily to free a-tocopherol 
whereas the labelled compounds in the other 
fractions are predominantly metabolites(3). 
Thus, in contrast to DPPD, the distribution 
of which appears to reflect distribution of 
total lipid, a-tocopherol apparently is concen- 
trated in the mitochondria. The implications 
of this observation in regard to the demon- 
strated ability of DPPD to substitute for Vit. 
E in vivo, and for the metabolic role of a- 
tocopherol, are not clear. 

Summary. In connection with a study of 
replacement of Vit. E im vivo by certain syn- 
thetic antioxidants, liver uptake and intracel- 
lular distribution of the Vit. E-active com- 
pound N,N’ - diphenyl - p - phenylenediamine 
(DPPD), following its administration to rats, 
has been determined by a method based on 
spectrophotometric measurement of the color 
developed by oxidation with ferric chloride in 
ethanol. Over half of the DPPD recovered 
was present in the soluble fraction of liver 


TABLE II. Subcellular Distribution of DPPD in Rat Liver. 


Mitochondrial Microsomal 
fraction fraction Supernatant 
Range Avg Range Avg Range Avg 
DPPD content (basis 3 livers), y 17.6-21.7 19.3 31.5-45.1 36.8 61.4-84.3 74.3 
DPPD distribution, % 13.8-15.6 14.8 23.5-31.3 28.2 53.6-62.7 57.0 
60.2 32.5 7.3 


- O¥ distribution after C4-d-a-tocopherol 
administration (3), % 
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cells, one-quarter was associated with micro- 
somes, and a small fraction recovered from 
mitochondria. This distribution pattern is 
similar to that reported for total lipids, and 
indicates that the intracellular location of 
DPPD may be passively determined by its 
lipid solubility. Alpha-tocopherol, on the other 
hand, was found predominantly in mitochon- 
dria. 
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When the technic of stop flow analysis was 
described(2,3) it appeared to offer a means to 
evaluate more fully the mechanism for control 
of urea excretion by the kidney. Our data 
from urea stop flow analyses performed dur- 
ing osmotic diuresis were difficult to interpret. 
Accordingly, we modified the method using 
water diuresis. This did not aid in interpre- 
tation of the urea data but did provide inter- 
esting findings concerning stop flow analysis. 
During water diuresis stop flow analyses the 
sodium U/P minimum appeared near the peak 
of the para-aminohippurate (PAH) curve and 
potassium and osmolal U/P maxima were dis- 
tal to the sodium U/P minimum. 

Method. The following procedure was found 
successful in producing water diuresis with 
rates of urine flow of 6 to 11 ml/min./kidney 
in the pentobarbital anesthetized dog. Alcohol 
was administered to the dog in drinking water 
or by intravenous route. The dog was then 
anesthetized with pentobarbital. Four hun- 
dred ml water were administered by gavage. 


* Supported by grants from U.S.P.H.S. and Ala- 
bama Heart Assn. Presented at meeting of Am. 
Physiol. Soc., Urbana, Ill., Sept. 10, 1959(1). 


An infusion of 0.4% NaCl and 2% glucose 
in water was administered by intravenous 
route with 10 g alcohol in each liter of in- 
fusion. The left ureter was cannulated avoid- 
ing the use of cautery. After diuresis had be- 
come brisk PAH and creatinine were added to 
the infusion. When rate of urine flow had 
become stable and greater than 6 ml/min./ 
kidney the control clearance collections were 
begun. 

Three 10 minute control clearance urine 
collections were obtained before, and 2 after, 
the stop flow procedure. The ureteral cannula 
was occluded for 8 minutes with inulin given 
by intravenous route 2 minutes before release 
of the occlusion. Upon release of the occlusion 
rapid serial collections were obtained from the 
ureteral cannula for a period of 3 minutes. 
Heparinized arterial blood samples were ob- 
tained at the mid-point of each control clear- 
ance urine collection and at time of occlusion, 
release of occlusion, and termination of the 
stop flow serial collections. 

Osmolalities were performed with a micro- 
thermister using the Fiske osmometer. Deter- 
minations were made on urine and plasma 
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samples for concentration of inulin using 
Schreiner’s modification of the resorcinol 
method (4), of creatinine using Hare’s method 
(5) without Lloyd’s reagent, of PAH using 
Selkurt’s method with ethylenediamine dihy- 
drochloride(6), and of sodium and potassium 
using a flame photometer. 


When osmolalities were performed the vol- 
ume of the sample remaining was too small 
for all analytical procedures to be carried out 
on the same animal. Accordingly, 19 dogs 
were studied and selected comparisons were 
made. Some of the dogs were given one liter 
of saline the day before the study. 


Water diuresis was considered to be estab- 
lished when the osmolal U/P ratio was well 
below 1.0. New filtrate was considered to be 
attained when inulin concentration reached 
50% of the inulin peak in the serial stop flow 
collection samples(3). 


Results. Creatinine U/P in the distal neph- 
ron collections increased as much as 5- to 7- 
fold above the free flow creatinine U/P, as 
opposed to 1.5- to 3-fold increase during os- 
motic diuresis stop flow. PAH concentrations 
in the serial stop flow urine collection samples 
were corrected to the creatinine concentration 
to construct the curve of the PAH concentra- 
tion peak in the stop flow samples. This was 
done with the assumption that the increased 
creatinine concentration in the distal nephron 
samples was secondary to water removal. 

The lowest sodium U/P ratio was found to 
occur near the PAH concentration peak (Fig. 
1). Maximum potassium U/P occurred distal 
to the para-aminohippurate peak and the low- 
est sodium U/P (Fig. 2). 

During water diuresis stop flow analysis 
there occurred demonstrable changes in os- 
molal U/P in the stop flow samples. Osmolal 
U/P increased in the distal nephron samples 
to as high as 1.25. In Fig. 3 data are pre- 
sented from a dog without saline administered 
before the study showing the peak of the os- 
molal U/P to occur distal to the PAH peak 
and the sodium U/P minimum. The sodium 
U/P was lower than in the dogs that had re- 
ceived saline illustrated in Fig. 1 and 2. 
Changes in sodium U/P ratio in the serial stop 
flow urine collections were accordingly less 
pronounced. 
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The nephron volume, defined as volume of 
serial stop flow urines obtained prior to ap- 
pearance of new filtrate, was 8 to 15 ml during 
water diuresis stop flow as compared to 15 to 
24 ml during osmotic diuresis stop flow an- 
alyses in our laboratory. 

Discussion. The apparently large volume 
of filtrate reabsorbed during occlusion made 
interpretation of the data difficult. When a 
large volume of filtrate is reabsorbed and re- 
placement by filtration is increased it is pos- 
sible that the PAH peak might be “smeared” 
down the nephron to the site of the distal 
nephron. If this were the case PAH would not 
function as a marker for proximal nephron 
collections. In accord with the smaller neph- 
ron volume during water diuresis stop flow 
analyses, volumes of urine obtained prior to 
appearance of the PAH peak and the peak of 
the potassium U/P were less than found dur- 
ing osmotic diuresis stop flow analyses. Thus, 
if “smearing” occurred down the nephron it 
occurred in the distal as well as the proximal 
nephron and would not explain the presence 
of the sodium U/P minimum occurring near 
the PAH peak. 

It would be conceivable that during water 
diuresis stop flow analysis there was a smaller 
mass of filtrate in the proximal nephron and 
sodium concentration could be decreased to a 
greater degree than could occur by removal 
of the same quantity of sodium from the larger 
mass of filtrate present in the proximal neph- 
ron(7) during osmotic diuresis stop flow. 
Against this explanation was the occurrence of 
the PAH peak near the mid-point of nephron 
volume. 

A third possibility would be that active so- 
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dium reabsorption did occur in the proximal 
nephron and was demonstrable during water 
diuresis stop flow analysis but during osmotic 
diuresis stop flow analysis was masked by the 
heavy osmotic load. 


The occurrence of the increase in osmolal 
U/P in the distal nephron demonstrated the 
distal removal of water in absence of anti- 
diuretic hormone. 


The differences found in osmolal U/P and 
sodium U/P curves in osmotic diuresis and 
water diuresis stop flow analyses amplified the 
problems encountered in interpretation of stop 
flow analysis data. 


Summary. During water diuresis stop flow 
analysis the nephron volume is less than dur- 
ing osmotic diuresis stop flow analysis, there 
is a demonstrable increase in osmolal U/P in 
the distal nephron samples, and sodium U/P 
minimum occurs near the PAH peak. During 
water diuresis stop flow analysis active proxi- 
mal reabsorption of sodium is demonstrable or 
para-aminohippurate is not a valid marker of 
proximal nephron samples. 
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Infusion of K salts following oral adminis- 
tration of KCl, raises the clearance of K (Cx) 
above the filtration clearance(1). This dem- 


* Supported in part by grant from Wisconsin 
Alumni Research Fn. 


onstrates tubular secretion of K and it has 
been assumed that this process accounts for 
urinary K, with all the filtered K having been 
absorbed(2). According to this idea, glomeru- 
lar filtration would have a minimal influence 
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on excretion of K. Our initial objective was 
to alter filtration by reduction of pressure in 
the renal artery in 2 groups of dogs. One 
group had ingested only the usual K content 
of drinking water and a commercial dog food. 
In another group, Cx was presumed to be 
much greater, because of prior daily adminis- 
tration of 10 g of KCl in addition to that of 
the diet and infusion of KCl during the experi- 
ment. Data had been obtained on 10 dogs 
when a similar study appeared (3). 

Methods. Male and female dogs, anesthe- 
tized with pentobarbital, were used. The 
ureters were catheterized with polyethylene 
tubing. Left femoral arterial pressure was re- 
corded by proper connection of the artery 
with a Hg manometer. With minimal trauma, 
an adjustable clamp was placed around the 
aorta. With this a partial compression of the 
aorta of varying degrees could be effected. 
Periods of clamping alternated with no clamp- 
ing. At termination, it was found that the 
clamp was between the origins of the 2 renal 
arteries in 11 dogs. The origins were so close 
that both arteries were affected in 6 and in a 
very large dog the clamp was caudal to both 
renal arteries. In 8 dogs 5 g KCI were given 
orally twice daily for several days before ex- 
periment and KCl was infused (.5 meq/min) 
during experiment. 0.9% NaCl was infused 
(2 ml/min) during preparatory surgery and 
with addition of mannitol to 2% through 
clearance periods. To obtain extraction ratio 
(Epan) the left renal vein was catheterized 
via the jugular. Clearance periods were con- 
secutive and nearly always at least 30 minutes 
in length. Creatinine and PAH were infused 
at a constant rate and determined by the 
usual methods. Na and K were determined 
by the Beckman flame photometer (4). 

Results. Effect of hypotension in dogs 
which had not received a supplement of KCl 
is typically demonstrated in Table I. Circu- 
lation and clearances were maintained during 
this long experiment more effectively than in 
some of the other dogs. Urine flow, Cx, and 
C,, fell with reduction in left renal arterial 
pressure. The ratio Cx/C., fell, indicating 
clearance of K fell more than filtration rate. 
In 5 other dogs, this type of experiment gave 


745 


TABLE I. Hypotension and Clearance of Potas- 
sium. Wt 15.3 ke. 


Femoral 
mean 


Kid- Whe Ce Ce pressure, 

ney) Period) = ——mil/mint O/C rnin Hg 
L 1 I fash aay 36 110 
R il 1.5 7.4. 22.0 34 

Aorta clamped 
L 2 1 OR ecm lives 16 50 
R 2 14 6.2 22.4 .28 
L 3 IW yf Set 29 130 
R 3 18 68 21.4 pil 

Aorta clamped 
L 4 6 iY) 10.3 .09 45 
R 4 ge} (a) PSY) 28 
L 5 153 0:0) ee lOns 39 115 
R 5 Teg tele SHI Y/ .39 

Aorta clamped 
1b 6 4 5 6.9 08 45 
R 6 er OR PAU, 32 
L ia He eye alisha! 37 120 
R 7 AO. O S22 38 

Aorta clamped 
L 8 sh ase OS) 23 75 
R 8 BS GO) 22 


very similar results. The effects were uni- 
lateral. When femoral mean arterial pressure 
(MAP) was lowered to 40-45 mm Hg, Cx fell 
to 6.9-17% of the pre-clamped period, at 50 
mm Cx fell to 24-53% and at 65-75 mm Cx 
was 44-61% of the pre-clamped period. In 
one period, about 7 hrs after initial dose of 
pento-barbital, MAP of 65-70 mm _ lowered 
Cx to 18%. Period 7 of Table I was about 
7 hrs after initial dose of pento-barbital and 
although C,,. had fallen to 70 and 82% for the 
left and right respectively of period 1, Cx/Ce, 
was essentially unchanged, indicating a paral- 
lelism of filtration and K excretion. By con- 
trast, in the dog with the clamp distal to both 
renal arteries, partial clamping had no effect 
on Cx or C,,. 

Effect of hypotension in dogs. which had re- 
ceived supplemental KCl orally and intrave- 
nously is well illustrated by Table II. The 
origins of the 2 renal arteries were so close 
that both kidneys were affected. Although 
renal excretory capacity for K was much 
greater than that of the former group, partial 
clamping of the aorta markedly reduced Cx, 
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TABLE II. Hypotension and Clearance of Potassium with Administration of Potassium. 
Wt 14.3 kg. 
Femoral 
Uv Ox Cor mean pres- Cran. 

Kidney Period = — m1/min.———, Cann Hpan sure,mm Hg ml/min. FE 

L 1 1.2 20.3 27.5 74 0.83 105-110 52.1 53 

R il 1.0 18.1 27.6 .66 54.3 51. 
Aorta clamped 

L 2 7 7.4 15.1 49 0.86 70 34.8 43 

R 2 5 oehk 11.2 33 Boul 33 

L 3 2.5 24.8 18.3 1.35 0.81 100-110 Died! B4 

R 3 8 en 17.2 1.03 50.0 32 
Aorta clamped 

L 4 7 4.0 7.4 54 0.83 60-65 24.2 32 

R 4 1.0 5.9 8.5 69 29.2 29 

L 5 2.7 19.7 12.8 1,54 0.81 100-130 41.9 .30 

R 5 2.7 19.4 13.1 1.48 90-135 38.6 4 
Aorta clamped 

L 6 3 1.6 3.1 52 0.78 50-55 10.3 30) 

R 6 3 1.9 3.2 .59 10.3 31 


Cx/C,., and C,,. It is significant that during 
periods 3 and 5 Cx/C., was considerably 
above one. In 5 other dogs, pre-treated with 
KCl, hypotension had a similar effect upon K 
excretion, but only in 2 did Cx/C., during the 
control periods rise above 1.0 and in one it 
reached 0.81 and in another 0.65. In 2 of 
these, the effect was unilateral. 

Renal plasma flow, as calculated from data 
of Table II, was reduced to 64, 46 and 25% 
of preceding control flow in periods 2, 4 and 
6 respectively for the left kidney. FF dropped 
in period 2 but was essentially unchanged in 
later periods of hypotension and a similar re- 
sult was obtained in 2 other dogs. Epan was 
determined in 3 dogs and in no case was it 
changed by the hypotension, indicating that 
this cellular mechanism was unimpaired. 

For 3 dogs renal plasma flow (RPF) of the 
left kidney could be calculated from Cpay/ 
Epan. With time RPF fell, although femoral 
MAP approximated or was slightly higher. In 
one dog at 4 hrs after initial dose of pento- 
barbital RPF was 87% of the first period but 
MAP was 5 to 20 mm higher. In a second 
dog 6 hrs after pento-barbital RPF was 
73% of the first period but MAP was 
about 20 mm higher. In the dog of Ta- 
ble II, 6 hrs after pento-barbital RPF was 
82% of first period and MAP was essentially 
that of the first period. The reduced renal 


flow therefore indicates increased vascular re- 
sistance in the kidney. Of 8 periods of partial 
clamping, in these 3 dogs, reactive hyperemia 
probably did not occur after the clamping 
since RPF increased only 10% in one period 
and decreased in the others, in comparison to 
the pre-clamped periods. For these 3 dogs 
the K delivered to the left kidney was calcu- 
lated as the product of RPF and concentra- 
tion of K in the plasma. The fraction of K 
delivered to the left kidney, that was ex- 
creted, fell greatly during the clamped periods 
except in one case when it rose. Therefore a 
reduction in supply of K to the kidney could 
not wholly account for the effect of the clamp- 
ing. 

Davidson et al.(3) reported that lowering 
of glomerular filtration by compression of a 
renal artery decreased K excretion. When 
high rates of Na excretion were maintained by 
administration of mercurials, sodium sulfate 
or Diamox®, rate of K excretion was main- 
tained. We had found that Na was almost 
absent from the urine during the clamped pe- 
tiods, in confirmation of Selkurt(5) and that 
at MAP of 75 to 80 mm Hg, C,, was not 
changed but Na excretion was reduced to 40 
to 22% of the preceding period. The effect 
of increased Na excretion on K excretion dur- 
ing hypotension was tested in 7 dogs. Solu- 
tions of 5 or 10% NaCl, Na para-amino-hip- 
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TABLE III. Hypotension and Clearance of Potassium with Infusion of Na Ferroeyanide and 
KCl. Wt 18.8 kg. 
eo 


Uy C C Femoral Na exere- 
(ae Mesa pecee as vor mean pres- tion, 
cidney eriod on] /min. — Cx/Cer sure,mm Hg meq/min. 
Aorta clamped. No infusion of ferrocyanide 
L 1 mt) 8.2 24.5 33 55 006 
R 1 4 5.6 23.9 23 004 
L 2 3.0 36.6 30.5 1.20 100-110 181 
R 2 3.0 36.0 30.0 1.20 170 
Aorta clamped 
L 3 9 13.2 25.1 52 50-55 061 
R 3 1.2 14 26.7 54 109 
L 4 9 27.7 23.2 1.19 90-95 .067 
R 4 AY) 25.9 21.8 1.18 072 
Aorta clamped 
L 5 25 8.1 5.7 1.42 50-55 019 
R 5 1 fail 2.5 2.8 007 
L 6 1.0 23.5 16.0 1.47 85-145 105 
R 6 Y 20.0 13.8 1.45 089 
Aorta clamped 
L 7 1) 18.6 13.8 1.34 50-55 124 
R 7 afi 16.1 11.0 1.46 093 
100-110 


Ferrocyanide infusion during all periods except first. 


Priming, 12.5 mmol. 


purate or Na ferrocyanide were infused to 
promote Na excretion. Table III illustrates 
one of the 2 more successful experiments in 
maintaining greater Na excretion during 
clamping and Cx /C,, of 1 or more during the 
clamping. This dog was pre-treated with 
KCI orally. However, Cx was greatly reduced 
by the hypotension. In 14 periods of clamp- 


_ ing in 6 dogs, with a high rate of Na infusion 


and clamping sufficient to drop C,., Cx ranged 
from 17 to 70% of the pre-or post-clamped 
period. In a 7th dog, Cx and C,, were un- 
changed by clamping but Na excretion fell 
to 40% of pre-clamping. It was clearly dem- 
onstrated in one dog that during 2 periods of 
clamping, in the one in which Cx fell the 
least, Na excretion was 3 fold greater. 
Discussion. The question arises as to how 
hypotension and reduced rate of glomerular 
filtration lowered Cx and the ratio Cx/Cer. In 
this condition urine becomes almost free of 
Na and since secretion of K involves an ex- 
change with Na in distal tubule, a lack of 
Na may be responsible for the fall of Cx in 
dogs illustrated by Tables I and II. David- 


Sustaining, 300 ymol/min. 


son considered that high Na excretion nulli- 
fied the effect of reduced filtration rate on K 
excretion by its provision of adequate Na for 
exchange with K. In support of this, is the 
observation that urinary K fell at a slightly 
lower rate, when human subjects were being 
depleted of K by a low K diet, in those with 
a normal Na intake, than in those with a 
high Na intake(6). However, in Davidson’s 
experiments Na excretion during clamping 
of the renal artery, was about 0.6 to 1.27 
meq/min, an exceedingly high rate. On the 
other hand, Anderson and Laragh(7) reported 
that depletion of Na in dogs did not quanti- 
tatively change excretion of K in response to 
injection of K. Tubular secretion of K was 
demonstrated in severe Na depletion. In their 
tables it is seen that Na excretion ranged from 
0048 to .0288 meq/min when Cx/C,, was 
above 1.0. Na excretion of our dogs during 
the high rate of Na infusion and clamping was 
in this range and markedly above it in 5 cases, 
although Cx had been markedly reduced. 
Therefore, hypotension to the level of a re- 
sultant lowered filtration rate must reduce K 
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excretion by some factor, in addition to the 
lowered Na excretion. 

Koch e¢ al.(8) decided that when the ratio 
of K/Na in the urine was that-in the plasma, 
an increased urinary K represented incom- 
plete absorption and when it exceeded that 
in the plasma, K secretion had occurred. In 
the 5 dogs in which we obtained a combination 
of sufficient clamping to lower C., and an 
elevated Na excretion, clamping raised uri- 
nary K/Na in 13 of 14 experiments, about 2 
to 5 fold. These dogs had received KCl orally 
and intravenously and clamping had less ef- 
fect on K than Na excretion and made tubu- 
lar secretion more manifest. Nevertheless, 
after calculation of the K secreted by the 
tubule, by Koch’s use of the urinary K/Na ra- 
tio, the data showed that the drop in urinary 
K was almost entirely due to less secretion 
and not to greater absorption. 

In the data of Koch, tor example, it is seen 
that during the infusion of KCl and NaCl 
into a K-fed dog, urinary ratio of K/Na fell 
from 1.7 to 0.126 and Cx rose from 5 to 38. 
In our 14 periods of aortic clamping during 
high infusion rates of Na urinary K/Na 
ranged from 0.6 to 20. On the other hand, 
Anderson found after NaCl depletion and dur- 
ing KCl infusion, urine Na was less than 6 
peq/min but Cx was above the filtration 
clearance, with urine K/Na about 70. There- 
fore, in a comparison of our results with those 
of 2 other laboratories on the basis of rate of 
Na excretion or urinary K/Na ratio hypo- 
tension should not have materially changed 
Cx in the dogs infused with large quantities of 
Na but since it did another factor in addition 
to Na must be involved. Under many circum- 
stances in dogs, tubular absorption of chloride 
is a direct function of filtration rate(9) and 
perhaps tubular secretion of K is influenced 


by the filtration rate in other ways than by 
quantity of Na in the tubule. 

Summary. In pento-barbitalized dogs, par- 
tial clamping of abdominal aorta, always low- 
ered Cx, C., and Cx/C.,. For these changes 
to occur mean arterial pressure had to fall be- 
low 75mm Hg. Extraction ratio of PAH was 
not lowered by hypotension. The calculated 
renal plasma flow was markedly reduced and 
reactive hyperemia probably did not occur 
after clamping. The fraction of calculated 
quantity of K delivered to kidney that was 
excreted was much less during hypotension. 
Hypotension, insufficient to lower C,,, mark- 
edly lowered Na excretion but not Cx. In 
agreement with Davidson, elevation of rate 
of Na excretion, reduced the effect of hypo- 
tension on Cx and allowed Cx/C., to rise 
above one. The need to consider another fac- 
tor in addition to urinary Na in the effect of 
hypotension on K excretion is pointed out. 
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Decreased Oxygen Requirement for Growth of Fruit Fly Larvae 


After Continual Centrifugation.* 


(25974) 


CHARLES C. WUNDER, CHESTER R. CRAWFORD, WiLL1AM F. HERRIN 
(Introduced by Charles J. Imig) 
Dept. of Physiology, College of Medicine, State University of Iowa, Iowa City 


Different laboratories reported that al- 
though increased gravity, as simulated by con- 
tinual centrifugation, can reduce growth of 
plants and animals, these organisms can sur- 
vive and actually demonstrate measurable 
growth(1-7). As expected, these organisms 
exhibit certain evidences of adaptation. One 
such evidence is that centrifugation can some- 
times evoke a faster than normal growth. This 
occurs with very young fruit fly larvae during 
centrifugation at 500 to 700 times gravity(6), 
or after 24-hour centrifugation at 2000 to 
3000 times gravity(5). It has been suggested 
that, since increased gravity could cause less 
food materials to be available for developmen- 
tal processes the animal compensates in part 
by increasing the efficiency of processes neces- 
sary for development. This adaptation might 
over-compensate, permitting the faster than 
normal growth which occurs during moderate 
centrifugation. If such adaptation is perma- 
nent, it might well reflect itself after centrifu- 
gation by greater than normal growth rate. 
Under certain conditions this does occur even 
though there had been a slower growth in the 
centrifuge(6). The proposed increase in ef- 
ficiency could have been masked by gravita- 
tional retardation of growth until centrifuga- 
tion ceased. Should this be the case, experi- 
mental larvae, returned to control conditions, 
would consume less than normal amounts of 
oxygen to accomplish a given amount of 
growth. Our purpose is to report that the 
ratio of oxygen consumption to growth is in- 
deed less for larvae returned to normal gravity 
after 24 hours continual centrifugation. Nyst 
studied oxygen consumption of Drosophila 
larvae(8). He found the rate at 25°C for 
resting larvae to be .04 mm*/hour/mg of lar- 
vae during exponential growth. The rate was 
directly proportional to the animal’s mass 
rather than surface area as is so often the case 


* This work supported in part with grants from 
Am. Cancer Soc. 


with larger animals. We confirmed that there 
is the same relation to mass for active larvae 
at 28°C(9). Oxygen consumption was ap- 
proximately 0.10 mm?/hour/mm®* of larvae. 
Miller(10) has reported that wheat Coleop- 
tiles exhibit altered oxygen consumption after 
prolonged centrifugation. Gray’s group(11) 
also reported other changes which Coleoptiles 
undergo in adaptation to high gravity. 


Materials and methods. The wild, red eyed 
strain of Drosophila melanogaster was em- 
ployed. Newly hatched larvae, with volumes 
of 0.2 mm®, were centrifuged 24 hours at 20 
or 28°C. After removal from the cen- 
trifuge, oxygen consumption of active, grow- 
ing larvae was measured at appropriate tem- 
peratures. They were then permitted to grow 
24 hours under control conditions. Larvae 
were cultured and measured in essentially the 
same manner as previously described(3,5). 
They developed in plastic centrifuge tubes 
which contained a seed-free, banana-agar me- 
dium. The growth constant, k, is defined as 
rate of change in natural logarithm of volume 


(v). In other words, k = = d(1n v) /dt. 
Vv 


Volume is computed from measurements of 
larvae’s length and width. Geometric means 
of volume are employed in computing k. Oxy- 
gen consumption measurements were per- 
formed in a simple respirometer (Fig. 1). It 
was prepared by inserting a 0.1 ml pipette into 
a small test tube. Petroleum jelly sealed the 
junction. Small volumes of ethyl alcohol 
served as manometer fluid. Rate of descent 
of this droplet in the pipette was measured. 
All but upper portions of pipettes were sub- 
merged in constant temperature baths. Values 
cited are corrected to standard temperature 
and pressure. Ratio of volume rate of oxygen 
consumption, V, to absolute rate of growth, v, 
can be employed as an index, I, of oxygen re- 
quired for a given amount of growth. This 
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FIG. 1. Assembly of respirometer. The junction 
is first surrounded with masking tape to hold pe- 
troleum jelly. Approximately 100 one-day-old lar- 
vae were necessary to obtain reproducible readings. 
These respirometers were fashioned from medicine 
droppers and have a capacity of approximately 3 
ml. 

FIG. 2. Oxygen consumption relative to growth, 
I, as a function of the previous centrifugal field in- 
tensity. These values of I are for animals after 
return to control conditions. Values next to the 
Y-intercept correspond to control values under con- 
trol conditions, these larvae consume approximately 
0.07 ml O./hr/ml of larval volume at 20°C and 0.10 
at 28°. Vertical lines extending from the points in- 
dicate stand. errors. If errors are not shown their 
magnitude is less than 10, 


i 
FIG. 3. Relative oxygen to growth indexes — as 
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V 
oxygen to growth index would be equal to aE 


NV : 
Since k is defined as equal to —, then the in- 


Vv 
dex would also be equal to V/kv. That for- 
mula has been employed in this report. (For 
this computation, v is equated to arithmetic 
mean larval volume at time of oxygen meas- 
urements.) The index has the advantage of 
being essentially constant throughout expo- 
nential growth(9). It is a unitless quantity 
which indicates ratio of volume of oxygen 
consumed to volume of living material pro- 
duced. Under control conditions, values for I 


are more reproducible than those for V, V/v, 
or k. Tubes containing experimental larvae 
were centrifuged in Servall angle centrifuges 
(Model XL). Centrifuges were enclosed in 
specially constructed constant - temperature 
chambers(6). Control tubes were placed in 
the same chamber. The symbol ‘“‘G” is used 
to designate multiples of Earth’s gravitational 
field. Centrifugal fields of from 500 to 3800 
G’s were employed. 

Results. After centrifugation I, oxygen con- 
sumption/unit volume of larvae, was below 
control levels. The oxygen required during a 
given amount of growth was reduced (Fig. 2 
and 3). For larvae centrifuged at 20°C, this 
was best demonstrated with those exposed to 
fields from 1200 to 2200 G’s. At 20°C, there 
is an increased efficiency after centrifugation 
even though there is no marked effect upon 
growth rate either during(6) or after (Fig. 3) 
centrifugation. With animals exposed at 28° 
C, the most significant results were obtained 
after exposure to fields greater than 1500 G’s. 
No marked difference between relative changes 
in experimental indexes at the 2 temperatures 
could be demonstrated for comparable fields 


a function of gravitational field intensity of pre- 
vious exposure. The subscript, x, refers to experi- 
mental and the subscript, ¢, to the control. These 
values were computed upon dividing values in Fig. 
2 by control values. Vertical lines extending from 
points for these values indicate stand. errors. These 
are not indicated for magnitudes less than .05. 
Values for relative post-exposure growth constants 


are also shown. Their errors, although not 
F 

shown, would be approximately 10% of the ratio’s 
value. Values for growth constants during centrifu- 
gation at these temperatures haye been published 


elsewhere(6). 
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(see Fig. 3). During centrifugation at 28~C, 
the growth constant drops in a more or less 
linear manner as the field increases beyond 
500 G’s(6). Such linearity is not demon- 
strable for I. In all cases, there was little 
mortality after centrifugation. For both con- 
trol and experimental cultures, 90% of ani- 
mals surviving after centrifugation had ceased, 
were alive 24 hours later. 

Discussion. Prolonged centrifugation causes 
fruit fly larvae to develop altered metabolism. 
This is evidenced by the fact that, upon return 
to control conditions, these animals can ac- 
complish more than the normal amount of 
physical growth with a given quantity of oxy- 
gen. The mechanism of this alteration is un- 
known. It is tempting to interpret this as an 
increased efficiency of growth processes. 

The validity of the preceding suggestion 
could well depend upon how broadly we wish 
to define “efficiency” and “energy for growth.” 
Let us define efficiency in terms of the ratio 
of growth accomplished to food metabolized. 
Then, assuming a constant, caloric equivalent 
for oxygen, efficiency has increased. 

One would not necessarily expect changes in 
chemical production of protoplasm to greatly 
alter the overall oxygen requirements. Proces- 
ses other than production of protoplasm could 
be altered. These other processes might in- 
clude various movements, digestion, and main- 
tenance. Should any change cause a greater 
efficiency, then, once gravitational stress is re- 
moved, a larger fraction of food would be 
available for growth processes. 


751 


After centrifugation, larvae do develop into 
pupae. However, unlike controls, a sizable 
percentage of these individuals do not emerge 
as adults. Perhaps, food materials can be con- 
served by sacrificing structures. 

Summary. 1. Prolonged centrifugation can 
alter an organism’s growth. 2. After centrifu- 
gation at 20 and 28°C, fruit fly larvae do not 
require as much oxygen for growth. 3. It is 
suggested that the animal has adapted by de- 
veloping a greater efficiency for growth. 
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Adaptation of Orbital Bleeding Technic to Rapid Serial Blood Studies. 
(25975) 


VERNON RILEY* 
Division of Experimental Chemotherapy, Sloan-Kettering Inst. for Cancer Research, Nin Vem @2ts 


During investigations requiring _ serial 
blood samples on experimental animals our 
attention was drawn to the ingenious but ap- 
parently little known eye bleeding procedure 
(1-5). Tail bleeding is difficult, time con- 

* With assistance of David Bardell and Elizabeth 
Booth. 


suming and unsatisfactory from the stand- 
point of contamination of the collected blood. 
Other methods have obvious drawbacks. 


Methods. Since enzyme studies usually re- 
quire plasma rather than whole blood it is 
desirable to centrifuge directly in the original 
blood collection tube. The technic requires a 
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| £2. Bae " 
FIG. 1. Proper position of fingers, animal, and 
pipette during bleeding procedure. 


small, disposable, heparinized pipette with 
polished tip for non-traumatic entry into the 
orbit alongside the eye. Such a pipette is 
now commercially available.t Utilizing the 
technics described here, a technician can bleed 
100 mice in about an hour and a half. Our 
standard procedure is as follows: 1. Test 
tubes, 13 x 100 mm, are labelled with appro- 
priate experimental numbers and are set up 
in a rack to receive the blood filled capillary 
tubes. 2. As illustrated in Fig. 1, the donor 
animal is held by the back of the neck with 
the left hand, and the loose skin of the head 
is tightened with thumb and middle finger. 
With the aid of the index finger, the eye is 
made to bulge slightly by further traction of 
the skin adjacent to the eye. The tip of the 
pipette is then placed at the lower or inner 
corner of the eye and gently but firmly slid 
alongside of the eyeball to the ophthalmic 
venous plexus which lines the back of the or- 
bit (Fig. 2). The venous capillaries forming 
this network are so fragile that they rupture 
upon contact with the tip of the pipette and 
resulting hemorrhage fills the orbital cavity 
which serves as a useful reservoir. A slight 
withdrawal of the pipette frees the tip so that 
the accumulated blood is immediately drawn 
into the tube by capillary action. The actual 
bleeding part of the procedure, while the 
pipette is in position, takes about 2 seconds. 
Residual blood around the eye is swabbed 


t Micro Blood Collection Tubes, Heparinized with 
Ammonium Heparinate, Scientific Preducts, Div. of 
Am. Hospital Supply Corp., Evanston, Ill. 


clear with a soft absorbent tissue to avoid clot 
formation. Bleeding usually stops immedi- 
ately upon withdrawal of the pipette and re- 
establishment of normal ocular pressure on 
the venous network. By appropriate change 
in positioning of the animal, either eye may 
be bled, although the right eye is more con- 
venient for a right-handed technician. 3. If 
blood is to be centrifuged, it is necessary to 
seal the upper end of the collection tube, by 
thrusting the blunt end of the tube through a 
thin wall of softened clay+ which forces 3 to 
5 mm of the plastic material into the bore of 
the tube. This is held in place by a tight 
fitting serum ampule stopper.) 4. The sealed 
blood pipettes are placed in their previously 
labelled test tubes, with the stopper end down, 
for centrifugation. For most purposes, 2,000 
rpm (approx. 1,000 x G) for 20 minutes'|| 
provides adequate separation of plasma and 
red cells. Either a horizontal or angle head 
may be employed, although traces of red cells 
tend to cling to the sides of the tubes with the 
latter. 5. If the hematocrit (packed red cell 
volume) is desired as an additional parameter, 
it may be obtained at this stage by holding the 
capillary tube against the inclined scale pre- 
viously described(6). This gives the hemato- 
crit directly in percent. 6. To obtain the 
plasma, the tube is nicked with a file just 
above the plasma-erythrocyte interface and 
is readily snapped in two. The plasma is re- 
covered and measured by touching the tip of 
a 0.1 ml or 0.025 ml pipette to the open end of 
the severed tube. Exact adjustment of 
plasma volume is accomplished by applying a 
wiping tissue to the tip of the measuring 
pipette. The collection tube holds approxi- 
mately 0.2 ml of blood which yields about 0.1 
ml of plasma. This is ample for most en- 
zymes determined — spectrophotometrically 
when employing a 1.0 ml microcuvette. If 
more plasma or blood is required, additional 
tubes may be obtained from the same donor. 


¢ Children’s plastic modeling clay, blue, or green 
color to contrast with blood cells. 

§ No-2319-B Rubber Stoppers, Arthur H. Thomas 
Co., Philadelphia, Pa. 

|| International Refrigerated Centrifuge, 
PR-2 Head No. 253. 
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FIG. 2. Diagrammatic illustration of location of ophthalmic venous plexus and relationship 


of pipette entry into the orbit. 
IBMKES Bp 


Lack of significant influence of repeated 0.2 ml ocular bleedings of mice over a 


period of 4 mo in respect to hematocrit, mouse wt, and plasma lactic dehydrogenase activity 


(LDH). 


However, it is necessary to bear in mind the 
results of excessive bleeding on the hemato- 
poietic system, if this is of pertinence to the 
experiment, since collection tube volume of 
0.2 ml may represent 5 to 10% of total mouse 
blood volume. If large volumes of blood are 
required, the mouse can be exsanguinated by 
this technic. 

Discussion. Moderate use of this pro- 
cedure, such as 1 or 2 bleedings per week, 
seems to be harmless to the animal, and even 
daily bleedings have been imposed for limited 
periods with a lowered hematocrit being the 
only adverse effect noticed. No anesthetic is 
required with this procedure and, although the 
technic carries a formidable psychological bar- 
rier for an identifying human when it is first 
observed, neither the eye nor the health of the 
mouse appears to be damaged. The same 
mice have been bled repeatedly from both or- 
bits for periods of several months without evi- 
dence of blindness or other serious damage. 
Occasionally accidental trauma or infection 
may require the bleeding to be carried out on 
the opposite eye or the animal to be sacrificed. 
As indices of animal stability, Fig. 3 illus- 
trates uniform level of weight, hematocrit, and 
a blood enzyme (LDH) in normal mice bled 
repeatedly during an experiment lasting sev- 
eral months. For further data see(7,8). 

While our experience has been mostly with 


mice, the same technic has been used suc- 
cessfully with a variety of other small labora- 
tory animals. Chickens seem to be an excep- 
tion, however, since the structure surrounding 
the eye is too rigid to permit passage of the 
pipette to the posterior vascular area. 

For enzyme and chemical determinations 
requiring plasma free of hemoglobin and other 
erythrocyte contents, we have found it desir- 
able to keep the blood cool at least until 
plasma has been separated from red cells. 
The rack of collection tubes is therefore placed 
in a refrigerator or a portable ice box during 
bleeding and while waiting centrifugation. 
This seems to minimize interfering subliminal 
hemolysis. The procedure described here 
permits daily following of the course of a dis- 
ease or effects of treatment on individual lab- 
oratory animals, as well as groups, similarly 
to the close clinical observations on a human 
patient. With this single bleeding operation 
requiring about 30 seconds, one can obtain a 
smear for differential cell counts or cytologi- 
cal study, erythrocyte sedimentation rate, 
hematocrit, and plasma for biochemical deter- 
minations or enzyme studies. 

Summary. Adaptation of orbital bleeding 
procedure to rapid, serial blood sampling of 
mice and other small laboratory animals has 
been made. Blood (0.2 ml) is collected in 
disposable, heparinized micropipettes by rup- 
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turing the fragile opthalmic venous plexus 
with tip of blood collection tube. The tube 
may be sealed and centrifuged for hematocrit 
determination and plasma separation for en- 
zyme or other biochemical studies. Bleeding 
procedure for a mouse requires less than 30 
seconds, and 100 mice can be bled and proc- 
essed by a technician in about 1% hours. Ap- 
propriate illustrations demonstrate technical 
details of procedure. 
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Mammalian blood can be incubated in vitro 
for several hours without affecting distribution 
and amounts of nucleotides in the formed ele- 
ments of the blood. This has allowed us to 
perform incorporation studies under essen- 
tially in vivo conditions. In attempting to 
perform similar incorporation studies on other 
mammalian tissues we discovered that after 
incubation, the major nucleotide, ATP, had 
largely disappeared and that AMP was now 
present in considerable quantities. The pres- 
ent paper describes our attempt to determine 
in vivo distribution of nucleotides in certain 
tissues and the rapidity of change in this dis- 
tribution after removal of the tissue from the 
animal. 

Materials and methods. Dog muscle and 
dog and rabbit intestinal mucosa were origi- 
nally selected because they might be expected 
to contain large amounts of nucleotides that 
would be turning over fairly rapidly. The 
muscle was minced with scissors while the 
mucosa was merely scraped off the intestine 
with a glass microscope slide. The nucleo- 
tides were extracted from either preparation 
with cold trichloroacetic acid (TCA) and 


* This work supported by grant from Nat. Inst. 
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fractionated on Dowex-1 formate columns ac- 
cording to our previous procedure for blood 
(1). In the first experiments a dog was given 
a lethal dose of Nembutal intravenously and 
the hind legs rapidly skinned. One portion of 
leg muscle was dropped into ice cold 10% 
TCA and minced with scissors. A second 
portion was excised and allowed to stand at 
room temperature for 20 minutes. It was 
then treated like the first. A third portion 
was minced with scissors in calcium-free 
Krebs-Ringer-Bicarbonate medium(2)  con- 
taining 200 mg % glucose. Ice cold TCA was 
then added to the mince. A fourth portion 
was prepared like the third except that it was 
incubated 2 hours at 37° under 95%O.— 
5% COz before TCA was added. No attempt 
was made to weigh portions of muscle accu- 
rately, because this would have slowed down 
handling of the tissue and because only dis- 
tribution of nucleotides was of interest at this 
point. A second type of experiment was de- 
signed to ascertain if nucleotides in intestinal 
mucosa were as labile upon incubation as 
nucleotides in dog muscle. For this purpose 
a dog was injected intravenously with lethal 
dose of Nembutal and a length of small intes- 
tine removed as quickly as possible. This was 
slit open, rinsed briefly with cold saline, and 
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TABLE I. Adenine Nucleotide Distribution in Tissues. 


pumoles/tissue sample 


AMP ADP ATP 
A. Dog Muscle 
Minced immediately in cold TCA 36 4.98 41.8 
Stood 20 min., then minced in cold TCA 1.16 11.72 44.6 
Minced in incubation medium, then TCA added 2.59 3.59 1.59 
Mineed in incubation medium and incubated 2 hr before TCA added 31 3.52 .26 
B. Dog Intestinal Mucosa 
Intestine slit and dropped into cold TCA 1.20 4 .28 
C. Rabbit Intestinal Mucosa 
Intestine slit and dropped into cold TCA 87 34 1 
Mucosa seraped off and dropped into cold TCA 1.00 28 32 
Mucosa scraped into 10 ml of human plasma and ineubated 2 hr 13 .08 .08 
before TCA added 
Idem, except 50 ml of plasma used 07 38 02 
TCA inj. into intestine in vivo 68 2.20 


dropped into ice cold TCA. A third series 
was designed to verify lability of nucleotides 
in intestinal mucosa from another species. In 
the first experiment a rabbit was shot in the 
head and a piece of small intestine removed 
immediately. This was slit and dropped into 
cold TCA. At the same time, a second piece 
of intestine was removed and the mucosa 
scraped off and plunged into cold TCA. A 
third piece of intestine was scraped and the 
mucosa suspended in 10 ml of human plasma. 
A fourth piece was treated like the third ex- 
cept 50 ml of plasma were used. The third 
and fourth samples were incubated at 37° 
under 95%Os-5%COz for 2 hours and then 
added to cold TCA. Experiments with intes- 
tinal mucosa indicated that nucleotides from 
this tissue were extremely labile, and raised 
the question as to how one could extract these 
compounds to avoid deterioration. A pos- 
sible solution was to inject TCA into living 
tissue. Accordingly a rabbit was anesthe- 
tized with Nembutal and the small intestine 
exteriorized through slit in the abdomen. A 
section of intestine was clamped at either 
end, care being exercised not to disturb blood 
circulation to this section. Into the lumen 
of this closed segment of intestine ice cold 
10% TCA was rapidly injected. The in- 
stantaneous blanching of intestinal wall indi- 
cated that TCA had penetrated the mucosal 


layer. 
Results are presented in the Table. From 


the first series it is apparent that in freshly 
excised dog muscle there was a relatively large 
quantity of ATP, some ADP, and very small 
amounts of AMP. This distribution is not 
unlike that found in freshly-drawn mam- 
malian blood(1). The second experiment 
(A.2) suggested that, on standing, some of 
muscle ATP broke down to ADP and AMP. 
As is shown in A.3 mincing of dog muscle in 
incubation medium caused nearly complete 
loss of ATP. Exp. A.4 indicated that incu- 
bation did not lead to restoration of original 
nucleotide pattern. Dog muscle, like blood, 
contains other nucleotides than those re- 
corded here, but these are ignored to simplify 
conclusions of these studies. 

The experiment with dog intestinal mucosa 
(B.1) revealed that ATP was largely decom- 
posed, giving rise to ADP and AMP. 

Experiments with rabbit intestinal mucosa 
indicated the same sort of deterioration of the 
nucleotide pattern as seen in dog intestinal 
mucosa. In Exps. C.1 and C.2 tissue nucleo- 
tide patterns indicated a preponderance of 
AMP over ATP. Our experience with other 
tissue indicated this to be a grossly abnormal 
finding but at first we could not say with cer- 
tainty that intestinal mucosa might not have 
an unusual nucleotide pattern. Our final re- 
sults in C.5 reinforced our original assump- 
tion, i.e., that ATP far exceeds ADP or AMP 
in in vivo conditions. Exps. C.3 and C4 
demonstrated that nucleotide pattern in intes- 
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tinal mucosa would not revert to normal un- 
der the incubation procedures used here. 

In Exp. C.4 with 50 ml of plasma the ATP 
level was preserved at a slightly higher level 
than in Exp. C.3 in which only 10 ml of 
plasma were used. This suggests that al- 
though these incubation conditions were far 
from ideal, the extra plasma did have some 
beneficial effect, perhaps by supplying a nu- 
trient or neutralizing some toxic substance. 

Discussion. Our earlier studies showed 
that whcle blood could be incubated for sev- 
eral hours with no loss of ATP. Extension of 
these studies to other tissues was uniformly 
unsuccessful. In dog muscle, mincing in in- 
cubation medium caused nucleotide break- 
down. In dog or rabbit intestinal mucosa, the 
cells could not even be scraped off into any 
kind of medium without deterioration of the 
nucleotide pattern. Injecting trichloroacetic 
acid into the living tissue is similar to the 
study of Dietrich and Friedland(3) which re- 
ported in vivo injection of perchloric acid into 
rabbit intestine. Their AMP:ADP:ATP ra- 
tios of 0.10:0.31:1.28 were not greatly differ- 
ent from ours, but perhaps both results are 
only approximations to the true im vivo dis- 
tribution. 

Summary. Our experiments indicate that 
the nucleotides of different tissues vary 
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greatly in lability. When dog muscle was re- 
moved rapidly and minced in ice cold tri- 
chloroacetic acid, its nucleotide pattern re- 
sembled that seen in fresh blood, 7.e., ATP 
greatly exceeded ADP or AMP. Delay in 
mincing the tissue caused some decrease in 
ATP with increases in ADP and AMP. On 
the other hand, dog or rabbit intestinal mu- 
cosa was so labile that usual procedure of re- 
moving tissue and transferring it immediately 
to cold trichloroacetic acid was much too slow. 
Injecting cold trichloroacetic acid into the 
live tissue was necessary to give a nucleotide 
pattern which resembled patterns seen in 
other tissues. Incubation under circum- 
stances tried, were unsuccessful in restoring 
tissue nucleotide patterns. Extrapolation of 
foregoing results suggests that studies involv- 
ing either distribution of nucleotides in tis- 
sues or determination of tissue nucleotides 
after in vitro incubation must indicate degree 
of lability of these tissue nucleotides. 
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The role of growth hormone in the appear- 
ance and maintenance of polyploid cells in 
normal liver was originally described by Hel- 
weg-Larsen(1) and Leuchtenberger ef al.(2) 
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and confirmed and extended by DiStefano 
and Diermeier(3) and Geschwind e¢ al.(4). 
Recently, involvement of 2 other hormonal 
systems has become apparent. The gonadal 
hormones have been implicated as a result 
of a study of the effect of castration on poly- 
ploidization of rat liver(5) and, as indicated 
by Carriere in preliminary reports(6,7), thy- 
roid hormone is also involved. The role of 
the latter has been further elaborated upon in 
recent experiments(8) on effects of thyroxin 
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and growth hormone on ploidy development 
in livers of dwarf mice and hypophysecto- 
mized rats. The present study confirms the 
effect of thyroidectomy on polyploidization of 
the rat liver and, since it reveals a unique ef- 
fect of partial thyroid deprivation or its 
equivalent, extends the observations already 
made. It also indicates the necessity of ex- 
tended-time studies when dealing with prob- 
lems of developmental ploidy in rat liver, and 
attempts to elaborate upon the mechanics of 
ploidy as a growth phenomenon. It will also 
be demonstrated that polyploid composition 
of the liver appears to be a more sensitive in- 
dicator of thyroid deficiency than growth of 
the animal as proposed by Evans et al.(9). 

Materials and methods. Sixteen females 
from 9 litters of Sprague-Dawley rats were 
thyroidectomized at 21 days of age, 13 unop- 
erated littermates serving as controls. The 
animals were fed ad libitum on a standard 
Purina diet and 1% calcium gluconate. 
Weekly body weight determinations were 
made and tissues were taken at 55, 122, and 
230 days of age. At these times total liver 
weights were obtained for all animals, and 
tail, body, and humerus lengths for the 122- 
day group. Blocks of liver were removed from 
the center of the left lateral lobe, fixed in 
Lavdowsky’s fluid and sectioned at 10 ». As 
control on completeness of thyroidectomy, 
tracheas and adjacent muscle masses were 
sectioned, and every tenth section examined. 
A few residual follicles were found in 3 of the 
animals but they were considered to be com- 
pletely thyroidectomized since their liver cy- 
tology was consistent with that of the other 
operated animals. Since pituitary acidophil 
degranulation follows thyroidectomy (10,11), 
the hypophyses of the 122-day operated and 
control animals were preserved and stained 
with aldehyde fuchsin to determine effective- 
ness of the operation. For the purpose of 
this paper, binuclearity was ignored, and poly- 
ploidy considered only from the standpoint 
of DNA content per nucleus. Establishment 
of DNA classes was based on 30 cytophoto- 
metric determinations per liver as previously 
described(5). This information was used as 
the basis for visual classification of 2000 nu- 
clei per liver, 1000 by each of 2 trained ob- 
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servers working independently on coded slides 
(33) 

Results. Because the animals were main- 
tained on a normal diet we believe that our 
data represent the result of initial extreme 
thyroid deficiency followed by either thyroxin 
replacement from hypertrophying accessory 
tissue or gradual supplementation by dietary 
iodide and/or thyroxin. Thus, the recent 
work of Evans e¢ al.(9), indicating that levels 
of iodide sufficient to keep pituitary acidophils 
active might conceivably be found in a normal 
diet, can explain, in part, the results obtained 
below. While it has been observed that the 
experimentals, at all age levels, have obviously 
fewer polyploid nuclei than littermate con- 
trols, for 6 of the animals a small percentage 
of octaploid nuclei were counted by the visual 
method, while none with the octaploid amount 
of DNA could be found by cytophotometry. 
This indicates a certain number of nuclei have 
increased in volume without DNA increase, 
and suggests interference with DNA synthesis 
in the thyroidectomized rats. It also warns 
against the assumption that nuclear volume is 
consistently related to degree of ploidy. 

Fig. 1 summarizes, by age group, the re- 
sults of visual classification of polyploid nu- 
clei. These nuclei, absent at birth, increase 
in number with age so that at time of wean- 
ing (day of operation in these experiments) 
the livers contain 90% diploid (ZN), 10% 
tetraploid (4N), and virtually no octaploid 
(8N) nuclei. Stability for normal animals is 
reached by 122 days of age, at which time the 
ploid composition is approximately i8-20% 
2N, 80% 4N, and 1-2% 8N. At 55 days of 
age formation of ploid nuclei in experimental 
livers has progressed beyond the level at time 
of operation, but lags significantly behind the 
control group. Nevertheless, livers of the 
thyroidectomized animals are predominantly 
4N. At 122 days of age the ploid population 
has “regressed” so that livers of the experi- 
mental group contain only 40% 4N nuclei 
with a correspondingly smaller percentage of 
8N nuclei. Since the livers were growing be- 
tween 55 and 122 days this “regression” might 
also be interpreted as a retarded formation of 
polyploid nuclei during continued production 
of diploid nuclei. In either event, the liver 
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FIG. 1. % composition of polyploid nuclei, by 
age group, in livers of normal and thyroidectomized 
rats (operated on at 21 days). Stand. errors indi- 
cated by vertical lines. 

FIG. 2. % differences between relative liver 
weights of normal and thyroidectomized rats, and 
between body weights of the same animals. 

FIG. 3. Mean body and relative liver weights, 
and tail, body and humerus lengths for normal and 
thyroidectomized rats, arranged by age group. P 
values determined from t test for small samples. 


cell appears to be more sensitive to thyroid 
deficiency at 122 days than at 55 days, since 
there is no reason to believe that thyroidecto- 
mized animals are any more thyroid-deficient 
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at 122 days than at 55. In fact, as shown be- 
low, there is good evidence that they are less 
thyroid deficient at 122 days than at 55. Al- 
ternatively, the polyploid status at 122 days 
may only reflect a delayed response to a 
much earlier stimulus, although most of the 
data gathered thus far would lead one to ex- 
pect a faster response to hormonal imbalance. 
At 230 days the situation has again reversed 
so that the operated animals appear to be ap- 
proaching the controls cytologically, although 
there is still a significant difference at all ploid 
levels. 

The polyploid regression appears similar to 
that following hypophysectomy and, because 
pituitary acidophil degranulation follows thy- 
roidectomy, can be most satisfactorily ex- 
plained by diminished growth hormone out- 
put. Furthermore, the sequence of events as 
described above is quite consistent with ob- 
served growth patterns and pituitary cytology. 
Although no counts were made in pituitaries 
of the 122 day group, we have observed large 
numbers of granulated acidophils in all speci- 
mens. If the assumption can be made that 
complete acidophil degranulation followed 
thyroidectomy(10,11) it is evident that ex- 
tensive acidophil regranulation has occurred 
in all of the experimental pituitaries. Con- 
sidering the evidence cited by Geschwind e¢ al. 
(8), reactivation of acidophils in presence of 
dietary iodide or thyroxin is an acceptable 
possibility. Since the liver appears to exhibit 
marked sensitivity to lack of thyroxin at the 
same age at which regranulated acidophils are 
observed, appearance of the latter must, for 
the present, be considered as representing the 
beginning of acidophil reactivation. 

Growth differences for the 3 age groups 
support the concept of replacement of iodide 
and/or thyroxin from either dietary or endo- 
genous sources, which is strikingly reflected 
after 122 days (Fig. 2). For the 2 para- 
meters recorded the differences are least at 
55 days, maximum at 122 days, and slightly 
less at 230 days, indicating a tendency for op- 
erated animals to approach the growth of 
normals at 230 days. While the decrease be- 
tween 122 and 230 days is slight it is signifi- 
cant that, for each of the litters studied, the 
change is consistently in the same direction. 
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Since polyploidization is a liver growth 
process characteristic of postnatal growth of 
the organ, we have attempted to analyze upon 
what other growth factors, if any, the process 
is dependent. Absolute and relative liver 
weights and liver growth rate have been ex- 
amined as possible determinants. At 122 
days, the age of maximum liver effect, mean 
liver weight for operated animals is 6 g, 
equivalent to mean liver weight of 55 day nor- 
mal rats. Comparison of ploidy status in the 
6 g liver of the 122 day thyroidectomized rat 
and the 6 g liver of the 55 day normal rat 
(Fig. 1) reveals that the 2 are dissimilar, and 
that polyploid percentages in the operated 
animals are characteristic of normal animals 
younger than 55 days. Fig. 3 isa summary of 
mean values of several growth parameters re- 
corded for the 3 age groups. Examination of 
relative liver weights reveals a decrease with 
age in normal animals, declining from ap- 
proximately 13 at birth to about 3.5 from 122 
days. Since polyploidization of normal liver 
occurs coincidentally with decrease in relative 
weight, it might be assumed that an inverse 
ratio exists between it and polyploid status. 
However, examination of P values reveals no 
significant difference between operated and 
control relative liver weights at any age level, 
although polyploid composition shifts signifi- 
cantly (Fig. 1). Furthermore, significant 
polyploid shifts can still be observed in oper- 
ated rats once relative liver weights have 
reached stability. With respect to liver growth 
rate we have previously shown, in the cas- 
trate female, that growth rate of both body 
and liver is accelerated, while formation of 
8N cells is retarded(5). Therefore, it ap- 
pears that absolute and relative liver weight, 
and liver growth rate, while apparently coor- 
dinated with polyploid development in the 
normal rat, are not positively related and can- 
not be considered as determinants for poly- 
ploid composition of the liver. 

Fig. 3 further reveals that body weight dif- 
ference between thyroidectomized and con- 
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trol animals becomes increasingly significant 
with age, and differences in body, tail and 
humerus lengths are quite significant at 122 
days, but not as great as one would expect 
from animals thyroidectomized and injected 
with I?! or maintained on iodine-free diets. 
However, since the polyploid shifts approach 
the expected maximum, the experimental con- 
ditions have served to demonstrate that poly- 
ploid composition of liver is a more sensitive 
indicator of thyroid deficiency than the 
usually recognized growth parameters. 

Summary. Thyroidectomy of weanling rats 
kept under normal dietary conditions results 
in initial prolonged retardation in production 
of polyploid nuclei in the liver, followed by 
gradual resumption of polyploid cell forma- 
tion over long periods. The effect appears to 
be mediated, at least in part, through the pi- 
tuitary, and polyploid shifts are greater than 
can be explained on the basis of absolute or 
relative liver weight, or liver growth rate. 
The liver cytology appears to be more sensi- 
tive to thyroid deficiency than the general 
growth of the animal, the time of greatest sen- 
sitivity for this study having been observed at 
122 days of age. 
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Reduction in total number of viable organ- 
isms in the gastrointestinal tract has been of 
interest experimentally and clinically for sev- 
eral years. In the laboratory it is possible to 
raise animals under exceptional conditions and 
thus disease-free (i.e. specific pathogen free) 
or even germ-free specimens may be obtained. 
Under clinical circumstances reduction in 
bowel flora is desirable when surgery is to be 
performed on the alimentary tract. This is 
usually achieved by use of an antimicrobial 
agent, most frequently neomycin. 

Dubos and Schaedler(1,2) have demon- 
strated convincingly that mice reared with 
their alimentary tracts free of most common 
Gram negative enteric organisms are more 
susceptible to staphylococcal infections than 
their control counterparts. Since the strain 
used by Dubos and Schaedler is an inbred 
strain the authors suggest an alternate ex- 
planation for this phenomenon, namely, that 
this increased susceptibility to staphylococcal 
infection on a hereditary basis cannot be 
ruled out. It is the purpose of this investiga- 
tion to determine whether or not reduction in 
bowel flora per se may be the important factor 
in permitting a more virulent infection to oc- 
cur. 


Materials and methods. Male Swiss Web- 
ster albino mice approximately 4 weeks old 
and weighing 16 to 20 g were housed in the 
usual steel mesh cages, 10 mice to a cage. As 
soon as the animals were obtained from the 
farm they were placed on ground food made 
by pulverizing commercial mouse pellets to 
accustom them to powdered food for one 
week before additives were included in the 
diet. In the groups of animals that received 
neomycin the drug was added to the diet by 
thorough mixing in a food tumbler. The ex- 
periments were divided into 4 groups. 

Group I. To evaluate effect of neomycin on 


* This study supported in part by contract, Re- 
search and Development Division, U. S. Army. 


intestinal flora of mice: A control group and 
3 dosage levels of neomycin were used, 0.05, 
0.1, 0.2% of the diet. The mice were kept on 
this diet throughout the experiment. The 
animals were sacrificed periodically and the 
small intestine (from pylorus to cecum) was 
removed, homogenized, and an aliquot diluted 
and plated on agar pour plates. The method 
has been previously described(3). 


Group II. These experiments measured 
survival of 160 mice. 0.2 cc of a 1:1 dilution 
of a strain of hemolytic Staphylococcus aureus 
(Giorgio) was given intravenously as the chal- 
lenge. This strain is susceptible im vitro to 
penicillin concentrations of 3.1 wg/ml. The 
animals were divided into 4 groups: a control 
group; a group treated with neomycin (0.1% 
of diet) before challenge; a third group 
treated daily from day of challenge with 1.5 
mg of aqueous penicillin G intramuscularly 
for 28 days; and a fourth group that received 
both penicillin and neomycin as above. Neo- 
mycin was added to the diet one hour prior to 


challenge. Survival was determined in each 
group. 
Group III. These experiments were identi- 


cal to those in Group II except that after 72 
hours the groups of animals receiving neomy- 
cin were divided in half, and only one-half in 
each case continued on neomycin. 

Group IV. This experiment was identical 
to Group II except that the microbial popula- 
tion of staphylococci in the kidneys of 200 
mice was computed instead of survival. The 
technic is that of homogenizing the kidneys, 
and appropriately diluting and plating an ali- 
quot. Total microbial census can be com- 
puted from this procedure(4). 

Results. Group I. Oral neomycin signifi- 
cantly lowered the microbial census of the 
small intestine. In Fig. 1 it may be seen that 
0.1% of the diet as neomycin caused the 
greatest fall in population. After a 72-hour 
period there was a gradual return of organ- 
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FIG. 1. Effect of neomycin on total microbial 
census of the small intestine of normal mice. 

FIG. 2. Effect of neomycin bowel preparation on 
survival of mice challenged with hemolytic Staphyl- 
ococcus aureus (Giorgio) (penicillin resistant) 
treated with penicillin. 
isms. The rise and fall is qualitatively made 
up of Gram negative organisms, especially 
Escherichia coli. There were no deaths in 
this group and the animals appeared healthy. 

Concentration of neomycin in blood was 
determined in all sacrificed animals. No neo- 
mycin activity could be shown by the tube 
dilution method using Sarcina lutea and he- 
molytic Staphylococcus aureus (Wolbeck) as 
test organisms. Both these strains are sus- 
ceptible to neomycin concentration of 0.12 
yg/ml. Several groups of mice were main- 
tained on neomycin diet for 4 months. There 
were no deaths and all animals gained weight. 

Neomycin as 0.1% of the diet was used ex- 
clusively throughout the remainder of the ex- 
periments described. 

Group II. In the survival studies there was 
a definite increased susceptibility to staphylo- 
coccal infection of the neomycin-prepared ani- 
mal as compared to control animals (Fig. 2). 
The SD-50 for the control was 14 days and 
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for the neomycin group 5 days. Treatment 
with penicillin increased survival over the con- 
trol animals when used alone or with neomy- 
cin. 


Group III. Survival studies indicated that 
discontinuing neomycin administration after 
72 hours has no effect on the outcome. The 
death rate remains constant and all animals 
are dead 15 days from time of challenge. The 
SD-50 of 5 days is the same as in animals 
continuing on neomycin. 


Group IV. Microbial populations in the 
kidneys were highest in the group receiving 
neomycin alone. The census was significantly 
higher than the control animals. In the 
groups receiving penicillin the populations 
were lower than the control throughout the 
28-day period. 

Discussion. It is evident from these results 
that mice in which the intestinal flora are re- 
duced by chemical means (neomycin) are 
more susceptible to intravenous infection with 
hemolytic staphylococci. This is shown not 
only by the higher mortality rate of the mice 
but also by the higher microbial populations 
in the kidneys. Dubos and Schaedler(2) have 
found the same phenomenon even though ap- 
proached from an entirely different aspect. 
The only 2 things in common between their 
experiments and those described herein are 
the reduction in intestinal flora and the use 
of the Giorgio strain of hemolytic Staphylo- 
coccus aureus. Nevertheless, the results are 
strikingly similar. 

The mechanism of this unexpected result 
must be either with the host defenses or with 
the parasite. Dubos and Schaedler(2) used 
Klebsiella pneumoniae as well as staphylo- 
cocci as the challenge infection and found the 
same general pattern of increased suscepti- 
bility in the “clean” animals. It seems rea- 
sonable to conclude, therefore, that reduction 
(by use of drug) or absence (by careful rais- 
ing of the mice) of Gram negative enteric or- 
ganisms has a deleterious effect on the ani- 
mals’ capacity to withstand microbial chal- 
lenge. Considered in its broadest sense, the 
unaltered microbial flora of the intestinal tract 
of an animal are a type of host defense mech- 
anism. The manner in which this is mediated 
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is not at all clear. It certainly is alien to pres- 
ent concepts to associate a beneficial action 
with bacteria in relationship to the host. Ex- 
cept for the elaboration of Vit. K in the in- 
testine there is no other evidence that the host 
is in any way helped by presence of these or- 
ganisms. 


It has been shown in this experimental 
model that penicillin has a beneficial effect on 
survival of mice infected with a penicillin re- 
sistant organism. The mechanism of this is 
discussed in detail by McCune(3,4) e¢ al. In 
brief, studies of the Giorgio strain on agar 
plates with varying amounts of penicillin have 
revealed that this strain is composed of cells 
90% of which are susceptible to 0.1 unit of 
penicillin per milliliter. However, even when 
organisms from one of the most resistant col- 
onies are subcultured on plain agar or on 
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penicillin containing agar the pattern of mixed 
resistance and susceptibility seen with the 
original culture is seen again. This would 
explain why penicillin is at least partially ef- 
Biology—One hundred seventy-nine Marks 
fective in treatment of this infection in mice. 

Summary. Survival and microbial popula- 
tion studies in mice with their intestinal flora 
reduced by neomycin indicate that these ani- 
mals are much more susceptible to intravenous 
staphylococcal infections than their littermate 
controls. 
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Evaluation of renal function with I'*! dio- 
drast renograms has been reported(1,2). The 
value of the test is limited because the reno- 
gram could appear normal in presense of con- 
siderable kidney damage. This report deals 
with a modification of the I**! diodrast reno- 
grams designed to improve its effectiveness in 
both diagnosing and localizing renal disease. 

Methods. Control Group. Standard I'*! dio- 
drast renograms were performed in 7 normal 
female mongrel dogs weighing between 10 and 
17 kg. The animals were placed in a prone 
position and a catheter was inserted in the 
bladder. Scintillation detectors were placed 
over each kidney and over the heart. Output 
of the scintillation detector was connected to 
a count rate meter and a rectilinear strip chart 
recorder. Fifteen wc of I'*! labeled diodrast 
(less than 3 mg) was injected intravenously. 


* Supported in part by research grants from Nat. 
Heart Inst., N.I.H., Bethesda, Md., and from Duke 
Univ. Research Council, Durham, N. C, 


Levels of activity observed over each kidney 
and the heart were recorded. After completing 
the control renogram, an intravenous priming 
dose of para-amino-hippurate (PAH) calcu- 
lated transiently to saturate the renal tubular 
mechanism was injected. The I'*! diodrast 
renograms were repeated at frequent intervals 
as plasma level of PAH fell. Plasma levels of 
PAH were determined at each of these inter- 
vals. Operative Group. Routine radio-reno- 
grams were recorded in 8 dogs following which 
partial resection of their left kidneys were 
performed. Five dogs had about one-third, 2 
had one-half and one had two-thirds of the left 
kidney excised. A bladder extrophy was also 
performed to facilitate study of indirect renal 
function in each kidney. One month or more 
post-operatively the glomerular filtration rate 
(GFR) and effective renal plasma flow 
(ERPF) were determined simultaneously in 
both kidneys of each dog by measurement of 
creatinine and para-amino-hippurate (PAH) 
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FIG. 1. Radio-renograms pre- and post-intray. 
inj. of 15 ee 20% PAH in normal 10 kg female dog. 

FIG. 2. Radio-renograms pre- and post-intray. 
inj. of 32 ce 20% PAH in a 14 kg female dog with 
1% of left kidney removed. 


clearances respectively(3). Routine radio- 
renograms were again recorded in each animal 
and in addition the tubular saturation technic 
with PAH was performed as described above. 
Results. Control Group. Fig. 1. is an ex- 
periment representative of this series. The 
pre-PAH injection I'*! renogram revealed nor- 
mal concentration and secretion curves usually 
obtained. Following injection of the tubular 
saturation PAH dose the radio-renogram re- 
vealed no apparent concentration above in- 
itial blood dilution of I*#1 diodrast. Not until 
95 minutes after the PAH dose when plasma 
PAH level was 12 mg % did the repeat reno- 
gram show some concentration and secretion 
of I'3! diodrast. By 119 minutes when PAH 
plasma level was 3 mg % the I'*! diodrast 
renogram had returned to essentially the con- 
trol pattern. 
Operative Group. Simultaneous recording 
of GFR and ERPF in both kidneys was 
measured in 3 animals with approximately 
one-third of the left kidney excised. GFR and 
ERPF of the left kidney averaged 56% and 
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55% respectively of normal right kidney. In 
2 animals with one-half of left kidney re- 
moved a GFR and ERPF of 44% and 40% 
respectively of the normal right kidney was 
noted. When one-half or less of the left kid- 
ney was removed the I'*! diodrast renograms 
gave inconsistent results, either showing no 
difference between the 2 kidneys or minimal 
differences. 


After the saturation dose of PAH was in- 
jected, the immediate I1*! renogram revealed 
essentially no concentration above initial 
blood dilution of the I'*! diodrast and there- 
fore no significant excretion of the substance. 
Between 3 and 50 minutes the normal right 
kidney was noted to show some concentration 
and excretion. The left kidney, depending on 
how much functioning tissue remained, 
showed either a delay in concentration and 
excretion or so minimal a concentration and 
excretion at any given moment as to be easily 
differentiated from the normal kidney. A rep- 
resentative case is noted in Fig. 2. Although 
GFR and ERPF of the left kidney were 65% 
and 58%, respectively, of normal values for 
the right kidney, no significant difference was 
noted in the control I'*! diodrast renogram, 
At 37 minutes (or 7 minutes after tubular 
saturation dose of PAH) with a plasma PAH 
level of 94 mg % neither kidney showed any 
concentration of I'*! diodrast. At 71 minutes 
(or 41 minutes after injection) at a PAH 
plasma level of 67 mg % the normal right kid- 
ney was able to concentrate and excrete the 
I'*1 diodrast whereas no significant similar 
function was seen in the left kidney. This dif- 
ference was also noted at the next I'*! dio- 
drast injection at 88 minutes when plasma 
PAH level was 52 mg %. 


Discussion. At low blood levels (less than 
2 mg %) about 80% diodrast or PAH is 
taken up and secreted by the tubular cells in 
one circulation through the kidney. As plasma 
concentration of either substance is increased, 
more of it is secreted until maximal rate of 
secretion, Tm (tubular maximum) is reached. 
Further increases in concentration augment 
the rate of excretion only by increasing the 
filtered load which is that small fraction of 
circulating diodrast or PAH which is not pro- 
tein bound(4). 
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Since concentration and secretion of I'*! 
diodrast dose used in the standard test re- 
quires little kidney function, it is understand- 
able why the renogram appears normal even 
when significant renal dysfunction exists. If 
the renal mechanism responsible for secret- 
ing diodrast is functioning at its maximum 
(for example, with Tm doses of diodrast or 
PAH), the I*'*! diodrast renogram would be 
expected to show a flat curve or essentially no 
tubular cell concentration or secretion of the 
I'1 diodrast. Plasma level of the competing 
substance falls as the kidneys secrete it and/ 
or it is distributed in extracellular fluids. Re- 
peat I’?! diodrast injections should show a 
gradual return of concentration and secretion 
by both kidneys. This sequence of events was 
demonstrated in normal dogs. If the func- 
tional capacity of one kidney is decreased the 
normal control kidney should show an earlier 
appearance of and a greater concentration and 
secretion of I'*! diodrast as compared with 
the defective kidney. This was also demon- 
strated in the operative animals in this report. 

Studies have been performed on human 
cases of unilateral and bilateral renal diseases. 
Currently we are employing a combination of 
I’! hippurate and PAH to eliminate the liver 
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background problem encumbent with I'*! dio- 
drast(5). 

Conclusions. (1) Routine I'*! diodrast 
renograms frequently fail to demonstrate sig- 
nificant renal lesions. (2) Initial loading of 
tubular mechanism responsible for secretion 
of diodrast by competitive substance (for ex- 
ample, para-amino-hippurate) blocks concen- 
tration and secretion of I'*! diodrast. (3) As 
tubules secrete the competing substance and 
plasma level gradually returns toward normal, 
the control kidney in cases of unilateral dis- 
ease demonstrates, on successive injections of 
I'*1 diodrast, earlier appearance of uptake and 
secretion as well as greater quantitative up- 
take and secretion of I'*" diodrast. 
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It is well-known that intravenous infusion 
of potassium salts induces a prompt increase 
in urinary excretion rate of potassium. The 
kaliuresis is effected by a change in renal 
tubular activity since both glomerular filtra- 
tion rate and serum potassium remain rela- 
tively constant(1). It is not known exactly 
how infusion of potassium salts provokes this 
change in renal tubular activity but it seems 
reasonable to suppose the existence of a site 


* This investigation was supported by Research 
Grants H-3166 and H-315 from Nat. Heart Inst., 
P.H.S., and was done during the tenure of a Research 
Fellowship of Am. Heart Assn. to the senior author. 


or sites sensitive to alterations in potassium 
concentration. Several lines of evidence sug- 
gest that at least one such site may be the 
adrenal cortex. There is a positive correlation 
between potassium intake and aldosterone ex- 
cretion(2), and aldosterone acts directly on 
the mammalian renal tubule to increase po- 
tassium excretion(3). Furthermore, when 
potassium concentration is increased in per- 
fusates of isolated beef adrenals, greater 
amounts of aldosterone are secreted(4). Simi- 
lar results are obtained by addition of potas- 
sium to isolated rat adrenals(5). These ob- 
servations suggest that potassium acts di- 


ee 
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rectly on the adrenal cortex to increase aldos- 
terone secretion, aldosterone then inducing 
kaliuresis. If this interpretation is correct, in- 
fusion of a potassium-containing solution into 
the adrenal blood supply of an intact animal 
should have a quantitatively greater effect 
on potassium excretion than infusion of an 
identical solution into a non-adrenal artery. 
To test this hypothesis, the adrenal gland of 
the dog has been infused in situ with potas- 
sium in high concentration, the results being 
compared with those obtained when potassium 
was infused into a non-adrenal artery. 


Materials and methods. Healthy mongrel 
dogs weighing 12 to 20 kg were maintained 
on a constant diet for at least 2 weeks before 
an experiment was performed. Food and 
water were withheld for 18 hours prior to an 
experiment. All animals were anesthetized 
with intravenous pentobarbital sodium. A 
solution containing, per liter, 145 meq of so- 
dium, 5 meq of potassium, 110 meq of chlor- 
ide, and 40 meq of bicarbonate was adminis- 
tered intravenously in every experiment by a 
constant-speed infusion pump at the rate of 
1.0 ml/min. Urine was collected in graduated 
cylinders from either ureteral catheters or an 
indwelling bladder catheter. The femoral ar- 
tery was cannulated with a polyethylene tube 
for blood sampling. After placing the animal 
on its right side, a left flank, subcostal incision 
and a muscle-splitting procedure were used to 
expose the retroperitoneal space. A small-bore 
polyethylene cannula, connected to a second 
constant-speed infusion pump, was. inserted 
into the lumbar branch of the lumbo-adrenal 
artery and advanced proximally until its tip 
was just distal to the origin of the small fan- 
like adrenal branches. The cannula was an- 
chored with a silk ligature placed around its 
tip. Infusate was thus carried to the adrenal 
gland with its normal arterial blood supply. 


The control series consisted of 5 dogs who 


underwent a surgical procedure identical with 
the one used for the experimental animals ex- 
cept that in these sham-operated controls, a 
non-adrenal artery was cannulated for potas- 
sium infusion. Infusion rate in both the 
adrenal and non-adrenal groups was 0.86 ml/ 
min. After a suitable period of time, during 


which urine flow became relatively constant, 
3 or 4 urine collection periods of 20 minutes 
each were obtained. The composition of the 
arterial infusate during these control periods 
was identical with that of the intravenous in- 
fusate. The arterial infusate was then 
changed to one differing from the control so- 
lution by addition of 45 meq of potassium 
chloride to each liter of solution. Urine col- 
lection periods of 20 minutes each were con- 
tinued for 2 to 3 hours. At the end of each 
experiment, 1 ml of india ink was injected 
into the lumbar artery cannula. An experi- 
ment was considered technically successful if 
75% or more of the adrenal cortex was 
densely stained with ink. A total of 6 ex- 
periments satisfied this criterion. Sodium and 
potassium were determined in serum and urine 
by indirect flame photometry, using lithium as 
an internal standard. The statistical methods 
used are those described in standard text- 
books of statistics. 


Results. Serum potassium. The mean se- 
rum potassium concentration for all the pe- 
riods prior to potassium infusion was 3.81 
meq/l in the control series and 3.92 meq/1 
in the adrenal infusion series. (Table I). Se- 
rum potassium increased slightly in 4 of the 
5 control experiments and in 4 of the 6 adre- 
nal infusion experiments. Mean increase dur- 
ing potassium infusion was 0.35 meq/I in con- 
trol experiments and 0.17 meq/I in adrenal 
infusion experiments. The difference between 
the means for the 2 series could not be proved 
to be statistically significant (Table IT). 

Potassium excretion. Potassium excretion 
increased moderately in 4 of the 5 control ex- 
periments and in 5 of the 6 adrenal infusion 
experiments during infusion of potassium. 
Mean increase was 23 peq/min in control 
series, and 16.3 »eq/min in adrenal infusion 
series. Although potassium excretion in- 
creased in both groups, the difference between 
the 2 groups could not be proved to be statis- 
tically significant. 

K/Na ratio. There was no consistent 
change in urinary K/Na concentration ratio 
in either group during potassium infusion. 
The mean changes of 0.44 in control experi- 
ments and —0.24 in adrenal infusion experi- 
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TABLE I. Renal Effects of Systemic and Intra-adrenal Infusion of Potassium in Dog. 


Serum K (meq/1) 


Urine K (yweq/min. ) 


Urine K/Na Urine Na (yeq/min.) 


Dog No. Control Exp. A Control Exp. Control Exp. A Control Exp. A 

Systemie infusion exp. 

1 3.73 4.40 +.67 55.6 82.7 —-- 27.1 50 98 + .48 110.4 846 —25.8 

2 3.69 3.55 —.14 33.4 68.3 +34.9 1.66 To) = 93 20.1 92.9 +72.8 

3 3.67 4.29 +.62 22.4 49.3 +26.9 2.73 7.03 +4.30 8.2 KO) al 

4 4.07 4.385 +.28 44.1 36.9 7.2 .88 94 + .06 50.8 3901 | Slee 

5 3.87 4.22 +.35 22:6 (55/99 =E33.3 3.70 2.00 —1.70 6.1 27.9 +21.8 

Mean 3.81 4.16 +.35 35.6 58.6 +23. 1.89 2.34 + .45 39.0 50.8 +11.3 
Adrenal infusion exp. 

6 3.96 4.07 +.11 ey ey ED) 38 47 + .09 145.5 103.9 —41.6 

if ALi Asolen R06 59.1 83.8 +24.7 1.47 79 — .68 40.1 107.4 +67.3 

8 3.93 4.08 +.15 54.8 91.9 +237.1 4,00 1.79 -—2.21 13.6 50.7 +37.1 

9 3.80 3.99 +.19 58.5 73.0 +14.5 95 1.63 + .68 61.9 44.8 -17.1 

10 3.83 3.79 —.04 40.5 52.6 +12.1 Dpiliss » Wey} = aX} 18.6 28.3 + 9.7 

11 3.61 4.29 +.68 14.1 (26.2 -F12.1 4.17 5.24 +1.07 Be. 5.0- Sey 

Mean 3.92 4.09 +.17 47.1 63.4 +16.3 29 1296." = 223 47.2 56.7 + 9.5 


ments could not be proved to be statistically 
significant. 

Sodium excretion. There was no consistent 
change in sodium excretion in either group 
during infusion of potassium. The mean 
change was an increase of 11.5 peq/min in 
control series and 9.5 »eq/min in adrenal in- 
fusion series. The change could not be 
proved to be statistically significant in either 
series. 

Discussion. There can be little doubt that 
infusion of a solution containing 50 meq/1 
of potassium at a rate of 0.86 ml/min into an 
adrenal artery raises potassium concentration 
in the blood being supplied to that adrenal 
gland. This concentration is probably on the 
order of magnitude of 10 meq/Il, as can be 
deduced from the following considerations. 
Rate of adrenal blood flow in the dog has 
been reported to be .297 + .18 ml/kg/min 
(6). If there were a maximal flow of .5 ml/ 
kg/min, a body weight of 20 kg, a hematocrit 
of 40% and a plasma potassium concentration 
of 3.8 meq/1, infusion of potassium in a con- 


TABLE II. Statistical Comparison of Renal Ef- 
feets of Systemie vs Intra-adrenal Infusion of Po- 
tassium in Dog. : 


Paired comparison of 
systemic vs adrenal series 


Parameter Diff. a ride 1p 
Serum K (meq/1) 18 1.008 3-4 
Urine K (yeq/min. ) 6.73 710 4-5 
Urine K/Na .68 096 5-.6 
Urine Na (weq/min.) 2.00 .086 Ao 


centration of 50 meq/] at the rate of .86 ml/ 
min would be expected to elevate potassium 
concentration in adrenal artery plasma to 9.6 
meq/l. This is a conservative estimate of the 
actual elevation of serum potassium concen- 
tration, higher concentrations probably being 
reached in the smaller animals. If the kaliu- 
retic response to potassium infusion is medi- 
ated by the adrenal cortex, elevations in 
plasma potassium concentration of this mag- 
nitude should be a more than adequate stimu- 
lus for this response, provided they were not 
toxic to the gland. A toxic effect is unlikely 
as shown by the observation that potassium 
concentrations as high as 29.6 meq/I did not 
impair aldosterone production in isolated 
adrenal preparations(5). Since response to 
intra-adrenal infusion of potassium did not 
differ significantly from response to non- 
adrenal infusions, it can be concluded that 
the augmentation of potassium excretion is 
dependent upon some other mechanism. 
These studies do not exclude the possibility 
that intra-adrenal infusion of potassium 
stimulates production of aldosterone, an ef- 
fect which has been observed in vitro. On the 
other hand, in experiments on isolated calf 
adrenals(4) and isolated rat adrenals(5), the 
rise in aldosterone secretion evoked by high 
potassium concentrations was not quantita- 
tively great. For this reason, Giroud and co- 
workers(5) suggested that alterations of se- 
rum sodium and potassium concentrations 
may modify aldosterone output by an indirect 
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action through some other system. Regard- 
less of the effect of serum potassium concen- 
tration on rate of secretion of aldosterone 
these experiments demonstrate that the char- 
acteristic kaliuresis accompanying potassium 
infusion is not dependent upon a potassium- 
sensitive receptor mechanism in the adrenal 
cortex. 

Summary. 1) A technic has been described 
whereby the dog adrenal may be infused in 
situ without disturbing its arterial blood sup- 
ply. 2) Utilizing this technic, infusion into 
left adrenal arteries of a solution containing 
high concentrations of potassium did not af- 
fect serum potassium concentration or urinary 
potassium excretion any differently than in- 
fusion of similar solution into a non-adrenal 
artery. It is concluded that the kaliuretic re- 
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sponse to potassium infusions is-not mediated 


by a direct action of potassium on the adrenal 
cortex. 
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Interest in comparative viral hepatitis stems 
from lack of methods for propagation and 
detection of the virus(es) of human hepatitis 
(1). Since identification of this agent depends 
on the hazardous exploitation of man, other 
host-specific viruses associated with hepatitis 
infections of dog(2), duck(3-5), and mouse 
(6-9) have been studied as possible proto- 
types. This communication describes pro- 
cedures for visualization of the Eperythro- 
zoon-free strain of mouse hepatitis virus 
(MHV 1)(10) by electron and by fluores- 
cence microscopy. 

Materials and methods. Newborn Swiss 
mice were infected via the peritoneal route 
with MHV 1(11). After 5 days, mice were 
sacrificed and infected livers were examined. 
Tissue imprints were prepared on coverslips, 


*Suppcrted in part by James W. McLaughlin 
Fellowship Fund and Dept. of HEW. The electron 
microscope was purchased and is maintained by a 
USPHS grant. 

+ Present address: Kaiser Foundation Research 
Inst., Lab. of Comparative Biol., Richmond, Calif. 


fixed without air drying in acid-alcohol, and 
stained with acridine orange fluorochrome at 
pH 3.8 and with fluorescein-tagged antibody 
by methods described for psittacosis infection 
of human cell lines(12). Antiserums were 
prepared in adult Swiss mice by repeated 
intraperitoneal inoculation of normal and of 
infective mouse-liver homogenates(13). Glob- 
ulin fractions were conjugated with fluorescein 
isothiocyanate for use in the direct fluorescein- 
staining procedures(14). Paraffin sections 
were cleared in xylol, then stained with acri- 
dine orange and with fluorescein-tagged anti- 
body. A Reichert Zetopan microscope and 
illumination system were used with appropri- 
ate ultraviolet light source and filters. Other 
paraffin sections and tissue imprints were 
stained by routine procedures with hematoxy- 
lin-eosin. Preparations of infected liver were 
fixed in Palade’s(15) veronal acetate buffered 
osmium tetroxide, embedded in methacrylate, 
and sectioned for examination with an electron 
microscope (RCA EMU-3C). 


Results. Tissue imprints and paraffin sec- 
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FIG. 1. Inclusion body in cytoplasm of hepatic cell 
infected with mouse hepatitis virus. Note lmiting 
membrane and virus particles of varying densities. 
In some instances, dense-centered particles are sur- 
rounded by a single membrane. A portion of the 
nucleus is seen in upper-left corner, 


tions which were stained with hematoxylin- 
eosin showed foci of necrosis in which pyknotic 
nuclei and cell fragments predominated. In 
comparison to the extensive liver damage, few 
cytoplasmic inclusions were observed. Al- 
though the dye binding nature of the inclu- 
sions could not be established in areas of cel- 
lular degeneration, eosinophilic bodies (1-5 p) 
were present in otherwise normal appearing 
cells which surrounded necrotic areas. In 
parallel preparations stained with acridine 
orange, the cytoplasm of some hepatic cells 
contained abnormal accumulations of RNA- 
staining (red) material(16). Attempts to es- 
tablish chemical identification of RNA-stain- 
ing inclusions were made by treatment of in- 
fected tissue preparations with ribonuclease 
prior to staining with acridine orange. Ribo- 
nuclease removed RNA-staining (red) affinity 
of both cytoplasm and nucleoli and did not 
interfere with DNA-staining (yellow-green) 
affinity of the nucleoplasm for acridine orange. 
There was, however, some indication that 
ribonuclease did not change the RNA-staining 
property of a number of inclusions. With 
fluorescein-tagged antibody, positive-staining 
cytoplasmic inclusions were noted which cor- 
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responded to size, shape, and location of the 
RNA-staining inclusions. Observations by 
electron microscopy (Fig. 1) showed cyto- 
plasmic inclusions (1-5 ») which contained 
ageregates of virus particles (90 + 20 my). 
Some inclusions were ruptured and elementary 
bodies were scattered throughout the cyto- 
plasm. Other sections showed mature virus 
particles emerging from a viroplasm in which 
faint outlines of immature organisms could be 
seen. 


Discussion. The cytological observations of 
Armstrong and Niven(16) on mouse livers 
infected with MHV 1 were confirmed. Thus, 
it was noted, also, that infected hepatic cells 
stained with acridine orange contained ab- 
normal accumulations of material in the cyto- 
plasm which fluoresced intensely red. At- 
tempts to establish the chemical identity of 
these inclusions by treatment with ribonu- 
clease prior to staining with acridine orange 
were not considered conclusive. Observations 
were hampered by 1) fragments of pyknotic 
nuclei, degenerated cells, and nuclear “blebs” 
which fluoresced both red and yellow-green; 
2) the small size of the elementary body which 
precluded their detection unless larger aggre- 
gates were present; and 3) the possibility that 
if MHV 1 is an RNA virus, it would fluoresce 
the same color as the cytoplasm and hence be 
obscured. Although the nucleic acid composi- 
tion of MHV 1 is still an open question, prep- 
arations stained with fluorescein-tagged anti- 
body showed inclusions of similar size, shape, 
and location which were antigenic to homolo- 
gous antiserum. 


As determined by electron microscopy, in- 
tact cytoplasmic inclusions were surrounded 
by a limiting membrane(s). Virus particles 
within these inclusions had an average diam- 
eter of 90 + 20 my (Fig. 1). -This size range 
is comparable to that estimated by Gledhill 
et al.(17) who used filtration through mem- 
branes of graded porosity. Occasionally, the 
membrane around the inclusion was broken 
and single particles or small aggregates, some 
with limiting membranes, were noted through- 
out the cytoplasm. Presence of virus in sim- 
ilar liver samples was shown by infectivity 
tests in newborn mice. : 


Summary. Livers of mice infected with 
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mouse hepatitis virus (MHV 1) were exam- 
ined by conventional staining procedures and 
by electron and fluorescence microscopy using 
acridine orange fluorochrome and fluorescein- 
tagged antibody. Preparations stained with 
acridine orange showed abnormal accumula- 
tions of RNA-staining material in cytoplasm 
of hepatic cells. Inclusion bodies of similar 
size, shape, and location were stained selec- 
tively with fluorescein-tagged antibody. Ob- 
servations by electron microscopy showed 
virus particles in cytoplasm which measured 
SO + 20 mp» in diameter. 


The authors are indebted to Dr. R. H. Rigdon 
and his staff for invaluable technical assistance. 
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Influence of Age at Time of Irradiation on Induction of Leukemia and 


Ovarian Tumors in RF Mice. 
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A. C. Upton, T. T. ODELL, Jr., AND E. P. SNIFFEN 
Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 


Among physiological variables influencing 
susceptibility to radiation-induced leukemia 
in mice is age at time of irradiation(1,2). In 
man also, according to epidemiological sur- 
veys, susceptibility to leukemia induction may 
be relatively high during embryonic and fetal 
development (3), and the hematologic type of 
leukemia induced may vary with age at the 
time of irradiation(4). The present, investi- 
gation was carried out to extend earlier obser- 
vations on the relation between age at irradia- 
tion and leukemogenesis in mice of the RF 
strain. 

Methods. Male and female RF mice of 
several ages from 3 days before birth to 180 
days after birth were exposed to whole-body 
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* Operated by Union Carbide Corp. 
Atomic Energy Comm. 


X radiation in doses of 100, 200, and 300 r 
(Table I). Radiation was administered with 
a 250-kvp General Electric Maxitron machine 
at 30 ma, with 0.1 mm of inherent and 3 mm 
of added Al filtration (hvl, 0.44 mm of Cu), 
TSD 93.7 cm, and a rate of 75-100 r/min. 
Suckling young were exposed together in in- 
tact litters, whereas other mice were exposed 
individually by the technic described previ- 
ously(5). The mice were necropsied on death 
and tissues fixed in Zenker-formol for sec- 
tioning. 

Results. Incidence of granulocytic leuke- 
mia was not significantly increased by irradia- 
tion im utero or during the first 9 days after 
birth but was increased by irradiation later in 
life, susceptibility to induction of the disease 
rising gradually to a maximum at 70 days of 
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TABLE I. Leukemia Incidence in Relation to Age at Irradiation. 


Mean after- © Te 


Age at Mice oF an 
irradia- X-ray ——————_ survival Myeloid Thymic Ovarian 
tion, days dose, r Sex No. time, mo leukemia lymphoma tumor 
( 0 a 368 19 3 5 
| Q 161 20 3 6 1 
1 1 100 4 58 19 2 4 
Q 55 18 2 18 4 
| 200 3 67 17 8 9 
[ Q 62 17 5 14 66 
—1 to -3* 300 a 21 18 0 0 
Q 15 14 0 0 7 
1-9 300 g 124 12 5 15 
Q 59 16 5 24 61 
14 300 4 101 14 26 13 
fe) 94 14 6 34 39 
28 300 g 80 12 42 14 
Q 87 14 14 37 41 
40 300 3 104 10 43 19 
Q 94 ) 13 51 30 
70 300 A 65 12 54 8 
Q 94 12 26 21 26 
180 300 é Halal 10 32 9 


* Irradiated in utero 1-3 days before birth. 


age (Table I, Fig. 1). Thymic lymphoma, 
likewise, was apparently not induced by ir- 
radiation im utero but was readily induced by 
irradiation immediately after birth (Fig. 2). 
Susceptibility to its induction decreased be- 
tween 40 and 70 days of age coincidentally 
with spontaneous involution of the thymus 
(Fig. 3). The higher susceptibility of males 
to myeloid leukemia and of females to 
lymphoma agrees with earlier observations 
(2). Mortality during the first 30 days after 
irradiation was negligible in all age groups. 
Mean after-survival time was less consistently 
correlated with age at irradiation than with 
leukemia incidence but decreased with in- 
creasing radiation dose, as did mean induction 
time for leukemias. Ovarian tumors were sig- 
nificantly less common in the mice irradiated 
in utero than in those irradiated after birth 
(Table I). 

Discussion. From earlier results(2), we ex- 
pected susceptibility to induction of myeloid 
leukemia to be relatively low during the first 
few days of life, despite concomitantly high 
susceptibility to lymphoma induction. We 
did not expect, however, that susceptibility to 
both types of leukemia would be low in the 
fetus, especially in yiew of epidemiologic data 


suggesting a high susceptibility in the human 
fetus or infant(3). Although there was no 
evidence of radiation lethality in the exposed 
fetuses, as judged by number of viable off- 
spring, it is conceivable that 300 r may have | 
been too large a dose for maximum leukemo- 
genesis at this age despite its leukemogenetic 
potency later in life. In irradiated adult RF 
mice, incidence of myeloid leukemia declines 
as dose is increased from 300 to 450 r(2). 
These experiments need to be extended, 
therefore, with smaller dcses of radiation, ex- 
posures at other stages of gestation, and larger 
numbers of mice per group. 

Since susceptibility to ovarian tumor induc- 
tion was also relatively low in the mice ir- 
radiated in utero (Table I), radiosensitivity 
as such may vary appreciably with age of the 
host, for reasons yet to be elucidated. In this 
connection, it is noteworthy that sensitivity of 
the mouse ovary to sterilization by radiation is 
relatively low during the period shortly before 
birth(6, W. L. Russell, personal communica- 
tion). In addition, of course, age-dependent 
variations in the LDso;30 of radiation for 
mice are well documented(7). 

Another factor of theoretical importance in 
susceptibility to leukemia development is the 
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FIG. 1. Incidence of myeloid leukemia in rela- 
tion to age at irradiation. 

FIG. 2. Incidence of thymic lymphoma in rela- 
tion to age at irradiation. 

FIG. 3. Thymic wt in relation to age. 
rate of turnover of cells in leukocyte-forming 
tissues, since selection and proliferation of 
leukemic variants are presumably favored un- 
der conditions of high mitotic activity. Con- 
sistent with this idea is the observation that 
susceptibility to induction of thymic lymph- 
omas tends to decline with natural or hor- 
mone-induced thymic involution and to in- 
crease with thymic hyperplasia(8). Although 
rate of cell division in the fetal thymus is not 
known, irradiation in utero causes less depres- 
sion of thymic weight than irradiation after 
birth (A.C. Upton and E. P. Sniffen, unpub- 
lished data). As regards myelopoietic activ- 


ity, the number of myeloblasts in the body in- 
creases progressively with body weight 
throughout the first weeks of life (A. C. Up- 
ton and E. P. Sniffen, unpublished data). 
Thus, if the probability of myeloid leukemia 
induction varies with number of myeloblasts 
irradiated, susceptibility to radiation-induced 
leukemia should increase with age in the pe- 
riod of growth and development, as has been 
observed, That this correlation is not en- 
tirely consistent, however, is indicated by the 
rather sudden increase in susceptibility to 
myeloid leukemia induction between the first 
and second weeks of life (Table I), and by 
the disproportionate degree of protection 
against leukemia induction afforded by shield- 
ing a small amount of hemopoietic tissue(2). 

An additional factor to be considered is the 
possible role of viruses in pathogenesis of ra- 
diation-induced leukemia(9-12). If leukemia 
is assumed to result from activation of a leu- 
kemogenic virus present at time of irradiation, 
age-dependent epidemiologic variations in ex- 
posure to the virus might account for the ob- 
served variations in susceptibility, as might 
passive immunization by maternal antibodies 
or the presence of other viruses that inhibit 
or enhance the leukemia agent. 

Summary. RF mice exposed to 100-300 r 
of whole-body X-rays at various ages from be- 
fore birth to 180 days after birth showed age- 
dependent variations in susceptibility to leu- 
kemia induction. Susceptibility to induction 
of granulocytic leukemia was minimal when 
irradiation was carried out during gestation or 
shortly after birth, rising later to a maximum 
at about 70 days of age. Susceptibility to in- 
duction of thymic lymphomas was, likewise, 
apparently minimal during gestation but max- 
imal shortly after birth, declining later in life 
at the time of thymic involution. Suscepti- 
bility to induction of ovarian tumors was rela- 
tively low in mice irradiated in utero. 


We are grateful to F. F. Wolff, E. S. Ledford, 
and W. D. Gude for technical assistance and to Dr. 
A. W. Kimball for statistical analysis of data. 
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L. MacHatTtTir AND H. RAHN 
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It has been generally assumed, for lack of 
evidence, that the nitrogen gas of the earth’s 
atmosphere plays no role as a respired gas in 
the metabolic function of higher animals. 
However, since Ny at pressures above 2 at- 
mospheres begins to interfere with the normal 
behavior of the nervous system(1), it appears 
justified to ask whether or not it may at .79 
atmosphere exert some effect on animal sys- 
tems. The answer to this question is to be 
sought by looking for any biological changes 
in animals maintained in absence of No gas. 
As a means of freeing the environment of No 
gas, substitution of another inert gas for Ne 
is not satisfactory since the other gas may of 
itself modify the results. On the other hand 
an atmosphere of pure Oy at normal pressure 
is unsuitable since this will prove lethal in a 
matter of a few days. To test the possible 
long-term effects of absence of any inert gas 
upon the function of animals it is therefore 
necessary to use an atmosphere of pure oxy- 
gen but at reduced pressure to avoid oxygen 
toxicity. Our experiments indicate that mice 
will survive for long periods of time in oxygen 
when its pressure is maintained at 197 mm 
Hg. This is the level which provides the same 
inspired Oy tension (150 mm Hg at BTPS) as 


* This investigation was supported in part by 
Wright Air Development Command, Wright-Patter- 
son Air Force Base, Ohio. 


breathing air at 1 atmosphere. Furthermore, 
197 mm Hg of pure Oy, is the atmosphere 
which provides for a satellite cabin in space 
the lowest pressure differential across the 
walls compatible with a normal inspired Os 
tension within. 


Method. The major problem is a mechani- 
cal one, that of maintaining animals for long 
periods of time in an atmosphere of Os at a 
reduced pressure. To avoid introduction of 
Ne gas from the air into the chamber, the ar- 
rangements must render access to the animals 
unnecessary during the course of an experi- 
ment lasting many weeks. Chamber pressure 
and oxygen ventilation must be automatically 
maintained within narrow limits by reliable 
means and temperature and humidity must 
be kept within the comfortable range. In 
addition food and water must be provided and 
excreta conveniently accommodated. Since 
it took many months of trial and error to ar- 
rive at a satisfactory solution, a brief descrip- 
tion of our arrangement follows. With the 
exception of the watering device, the gas 
sampling system and the water vapor trap,t 
all other parts are commercially available. 
The apparatus is schematically represented in 
Fig. 1. A small cast-aluminum chamber} (10 


+ An acrylic resin chamber sealed around the cool- 
ing coil of a small vapor absorption type refrigeration 
unit (Astral Refrigerette). 
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FIG. 1. Altitude chamber system for long-term 
maintenance of mice in oxygen at reduced pressure. 
Chamber is continuously flushed with O,, flow regu- 
lated by needle valve. Controlling valve in outflow 
line is operated by recording pressure controller to 
maintain chamber pressure constant. Water supply 
and gas sampling systems shown in detail. 


x 10 x 18” inside) with a windowed door (7 
x 12”) housed the animals. The chamber 
was continuously flushed with a stream of 
“medical” Oy. A reducing valve was followed 
by a needle valve across which the gas pres- 
sure dropped from above to below atmos- 
pheric pressure. Oxygen flow into the cham- 
ber was controlled by the needle valve and 
continuously monitored by a rotameter. To 
maintain COs tension in the chamber below 5 
mm Hg the required flow was calculated from 
the alveolar ventilation equation, putting in, 
for “CO. production,” that of all the mice in 
the chamber, and for “alveolar ventilation,” 
the oxygen flow. In both chamber and alveoli 
the steady-state gas concentrations are inde- 
pendent of volume of the ventilated space, 
Transcribing the alveolar ventilation equation 
(2) to the ambient temperature and pressure 
conditions of our experiment, one obtains this 
relation: chamber COz (mm Hg) is equal to 
.83 x CO, output of all mice (ml, STPD, per 
min.) divided by oxygen flow (1, ATPD, per 
min.). Thus, for example, if CO, output of 
6 mice is equal to 10 ml/min., then a flow of 
2 liters/min. of Oy at the reduced pressure 
will maintain (10 x .83)/2 or 4 mm Pcoz in 
the chamber. Periodic analysis of the cham- 
ber gas confirmed these predictions. COz 
concentration was never observed to exceed 5 


+ The authors are greatly indebted to the Dept. 
of Physiology, School of Aviation Medicine, Ran- 
dolph Air Force Base, for the loan of this chamber. 


mm Pecos and was usually lower. Chamber 
gas samples were obtained periodically by the 
device shown in Fig. 1. A small sample of 
gas was aspirated from a T tube in the ex- 
haust line by means of a mercury reservoir. 
This gas could then be compressed after turn- 
ing a stopcock and shunted directly through a 
connecting tube into a Fry gas analyzer for 
COz, O2 and Nz analysis. This procedure not 
only allowed one to monitor COs concentra- 
tions but also to detect any inward leaks of 
Ne which might occur during the weeks of 
uninterrupted experiments. The inflowing 
gas was continuously removed from the cham- 
ber by a vacuum pump after first passing over 
a refrigerated vapor trap to remove the mois- 
ture. The pressure was maintained by a 
servo-operated pressure controlling valve’ and 
was continuously recorded throughout the 
whole experiment. Thus any failure to main- 
tain pressure could be easily detected. The 
sensitivity of the pressure controlling valve 
was + 2 mm Hg. The temperature of the 
chamber was maintained between 24° and 
27° by a thermostat operated heater. The 
mice were bedded on 2” of Sterolit.|| This 
powdery material absorbed all the waste 
products and prevented their further decom- 
position. Food was provided in the form of 
Purina Fox Chow or Old Guilford mouse pel- 
lets. These were placed in a closed wire mesh 
container which held enough food for dura- 
tion of experiment. Water was supplied from 
the outside by means of a system illustrated 
in Fig. 1. This system was found to be neces- 
sary since simpler devices failed to work ade- 
quately under reduced pressure. By proper 
manipulation of stopcocks additional water 
could easily be supplied at any time. At 
start of experiment the chamber was flushed 
with 100% Os which the animals breathed for 
about 10 minutes. The chamber was then 
evacuated until final pressure was reached in 
about 15 minutes. All animals used were 
Swiss mice with the exception of four C57 


§ Motosteel Evenaction valve, actuated by a re- 
cording Fulscope absolute pressure controller (Tay- 
lor Instrument Co., Rochester, N. Y.). 

|| “Sterolit”, Minerals & Chemicals 
America, Menlo Park, N. J. 


Corp. of 


774 


TABLE I. Accident-Free Sojourns of Mice in 197 


mm Pure O, Atmosphere. 


Days in 

Exp. # Mice chamber 
1 6 adult male 55 
3 GEeAn0n es 18 
8 6 adult female 12 
11 2-14 day fetus a 
9 2 lactating female 19) 
18 suckling young z 
10 2 adult female 51 
6 fetus—young (conception 48 

to 27 day) 

1 adult male 22 
> ” ” 


female 


14 fetus—young (conception 
to 1 day) 


C 57 black female 
4 (C57 Swiss fetus 


OO 


black females used in the breeding experi- 
ment. 

Results. In 5 different experiments (sum- 
marized in Table I) mice were maintained in 
pure O, at 197 mm Hg total pressure for a 
total of 1308 mouse-days (53 different mice) 
with no apparent ill effects. In several other 
experiments a particular type of lethal acci- 
dent occurred. This will be described below. 

Young mice passed all the stages from con- 
ception to birth to weaning and adolescence in 
the chamber in an apparently normal fashion. 
Microscopic examination of 14-day fetuses, 
and of the eyes of those conceived and born 
in the chamber, revealed no abnormalities. 

Of the adult mice that were kept in the 
chamber one group of 6 males after 55 days 
appeared normal as revealed by histological 
sections of heart, kidney, spleen, liver, lungs, 
thyroid, and eyes. Other groups remained ap- 
parently healthy and carried on the functions 
of mating, fertilization and implantation of 
ova, gestation, bearing and suckling of young 
in a normal fashion. The longest uninter- 
rupted stay in the chamber was 51 days, by 
2 females which conceived, bore and raised 
young there. 

In the breeding experiment one male put 
into the chamber with 8 females (4 Swiss, 4 
C57 black) impregnated the 4 Swiss females 
within the first 3 days and at least 2 of the 
C57 females about 2 weeks later. The 4 
Swiss females bore their young in the cham- 
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ber. The first 2 litters were removed from 
the chamber, along with the mothers, one day 
after birth. All 14 of these young removed 
from the chamber survived and developed 
normally for at least 8 weeks. The second 2 
litters were left undisturbed in the chamber, 
where the 2 mothers ate all but 6 of the young 
within the first day or two. The surviving 6 
were then raised to 27 days of age in the 
chamber before ever being exposed to normal 
air. The retinas of young conceived and born 
in the chamber and of the 2 females which 
stayed there 51 days were later given careful 
histological examination, which showed them 
to be apparently normal. 


The one adverse effect observed in these 
experiments was the death of some mice with- 
in the first 48 hours of exposure to the reduced 
pressure. This phenomenon appeared to be 
a result of the decompression itself, since it 
never occurred after the first 48 hours. Ina 
total of 115 mouse decompressions 20 mice 
died. Typically the mice that died this way 
became relatively inactive immediately after 
the reduction in pressure, and appeared to 
sleep most of the time until death. In the 
late stage they tended to sit hunched up, with 
fur erect, breathing in large gasps. On autopsy 
their lungs were found to be almost -com- 
pletely atelectasized. Of particular interest 
were four young mice which died. These ani- 
mals were conceived, born and raised in the 
chamber in the absence of inert gas. They 
were finally brought out into normal air at 
27 days of age. After 2 hours of breathing 
air for the first time in their lives they were 
again placed in the chamber and returned to 
their original environment of Os. They suc- 
cumbed within 24 hours. 

Discussion. The only statement that can 
be made on the basis of these observations is 
that life and reproduction are possible for a 
mammal in the absence of all but a small 
fraction of the inert gas that is present in 
air. This life appears, on gross observation 
at least, to be essentially normal with the ex- 
ception that fatalities may occur immediately 
following decompression. 


It seems likely that these fatalities are due 
to collapse of alveoli following minute ob- 
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structions (mucous) of the smallest airway. 
Recent evidence(3,4) suggests the existence 
of a normal tendency of some alveoli to col- 
lapse, a tendency that is ordinarily kept in 
check by reexpansion of collapsed alveoli upon 
deep inspiration (sigh). It has been shown 
(5) that under 1 atmosphere of pressure rate 
of collapse following obstruction is 60 times 
faster on pure O, breathing than on air 
breathing. When pure Oz is breathed the col- 
lapse of a blocked-off alveolus is determined 
only by removal of Oy» by the perfusing blood. 
(CO removal is secondary to O, removal, 
which by raising concentration of CO» in the 
remaining gas, reverses the normal CO, gradi- 
ent.) Thus the time for collapse, assuming 
perfusion rate to be constant, should be ap- 
proximately proportional to number of mole- 
cules of Oy present. Therefore, the effect of 
lowering total pressure at which pure Oz is 
breathed will, by lowering absolute volume- 
concentration of Os, speed up the collapse of 
obstructed alveoli, in accordance with the 
following relation: 


Collapse 
Pe =k Pay k (Pz i Lea oe Pipes) . 
In the case of Py = 197 mm Hg, therefore, 


P,,,. and P,,,, being assumed to remain nor- 
2 2 


mal at 47 and 40 mm Hg respectively, the col- 
lapse time should be approximately (197-87) / 
(760-87) or 1/6 of that for Pg = 1 atmos- 
phere. This then would suggest that under 
our experimental conditions rate of collapse 
of a blocked alveolus is increased about 360 
times above the value for breathing air at 1 
atmosphere. It is conceivable that at this rate 
the tendency to collapse may in some circum- 
stances prove too much for the forces which 
normally operate to restore the alveoli. How- 
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ever, this account does not explain why the 
deaths observed should all occur during the 
first 48 hours in the chamber. It may be spec- 
ulated that all the mice that died were suffer- 
ing from some condition in which increased 
bronchiolar secretions rendered them more 
prone to airway obstruction and atelectasis. 

Conclusion. It is concluded that an inert 
gas such as Ne is not necessary for mainte- 
nance of normal metabolic processes. How- 
ever, the proneness for development of pul- 
monary atelectasis is exaggerated in absence 
of an inert gas such as Np. 

Summary. 1) Mice were maintained for 
51 days in an atmosphere of oxygen at total 
pressure of 197 mm Hg. This provides a nor- 
mal inspired Oz tension. CO. and Ne pres- 
sures in the ambient atmosphere did not ex- 
ceed 5 mm Hg for either gas. 2) Under these 
conditions animals usually did not encounter 
any difficulties. Several litters were born and 
in one case young were conceived, born and 
raised in virtual absence of inert gas. How- 
ever, in several cases animals died within 48 
hours after being subjected to this environ- 
ment. Once past this period only mechanical 
failure of the apparatus terminated these ex- 
periments. It is suggested that pulmonary 
atelectasis was responsible for these early 
deaths. 
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Distribution and Excretion of Radioactivity in Rats After Oral 


Administration of H*-3-Methylcholanthrene.* 


(25984 ) 


James W. FLESHER AND KaTHERINE L. SypNor (Introduced by C. Huggins) 
Ben May Lab. for Cancer Research, University of Chicago, Chicago, Ill. 


3-methylcholanthrene, a carcinogenic hy- 
drocarbon of extremely high potency, will in- 
duce mammary cancer in susceptible strains 
of mice and rats when administered by mouth. 
Dose-response relationships, optimal condi- 
tions for tumor induction, and influence of 
hormones on tumor growth have been de- 
scribed for the rat by Huggins, et al.(1). Ac- 
cording to these investigators, a single 10 mg 
dose induces mammary cancer in 20% of 
female Sprague-Dawley rats, age 50 days. The 
studies presented here were undertaken to 
acquire additional information regarding ab- 
sorption, tissue localization (with particular 
reference to the mammary gland), and excre- 
tion of a carcinogenic dose of this hydrocarbon 
labeled with tritium. 

Methods. Female Sprague-Dawley rats, age 
50 days, were used. In the first of two experi- 
ments, concentration of tritium was deter- 
mined in selected tissues, urine and feces of 
3 rats 24 hours after administration of 10 mg 
H?-3-methylcholanthrene by gastric tube. In 
the second experiment, daily excretion of tri- 
tium in urine and feces of each of 4 rats given 
a single 10 mg dose of H?-3-methylcholan- 
threne by gastric tube was determined. H?-3- 
methyicholanthrene, tritiated by the Wilzbach 
procedure(2)t and recrystallized to constant 
specific activity (2,000,000 dpm/mg disinte- 
grations per minute) was dissolved in sesame 
oil to make a final concentration of 10 mg/ml. 
After administration of 1 ml of this solution, 
followed by 1 ml of sesame oil through a No. 
8 French catheter, each animal was placed in 
an all-glass metabolism cage designed for com- 
plete and separate collection of urine and 
feces. On termination of the experiment, tis- 
sues for analysis were removed, weighed and 
minced with a fine scissors. Three 50-100 mg 
-* This investigation was supported by Jane Coffin 
Childs Memorial Fund for Medical Research, Am. 
Cancer Soc., and U.S.P.H:S. 

+ Dr. H. I. Jacobson and Dr. T. N. Jacobsen of 
Ben May Laboratory for Cancer Research prepared 


the tritium-labeled 3-methylcholanthrene used in 
these experiments. 


TABLE I. Percentage Recovery of Tritium in Fe- 

male Sprague-Dawley Rats 24 Hr after Adminis- 

tration of a Single Dose of 10 mg H*-3-Methylcho- 
lanthrene by Gastric Tube. 


Rat 1 2 3 
Absorbed 6.5 5.6 59) 
Urine 4.9 4.4 3.9 
Tissues 1.6 1.2 1.4 
Unabsorbed 62.4 57.9 93.1 
Stomach and contents 6.3 2 Be!) 
Intestines and contents 32.1 37.0 52.8 
Feces 24.0 20.7 8.4 
Total 68.9 63.5 98.4 


samples of each tissue were taken for analysis 
of tritium by the combustion method of 
Jacobson, et al.(3). The remainder of the 
sample was homogenized in distilled water 
and extracted 4 times with toluene. A 5 ml 
aliquot of the extract was added to 10 ml of 
“fluor”? solution and counted in a Packard 
Tricarb liquid scintillation spectrometer. 
This technic will recover 85% to 95% of 
known quantities of 3-methylcholanthrene 
added to tissue homogenates. The residue was 
dried 7m vacuo and analyzed by the combus- 
tion technic. Feces were dried in air, then 
ground to a fine powder in a mortar. Three 
20 to 40 mg samples from each 24 hour col- 
lection were taken for analysis by the com- 
bustion technic. Each 24 hour urine sample 
was analyzed in triplicate by directly counting 
0.3 ml in 4.8 ml of absolute ethanol and 10 
ml of “fluor” solution. The efficiency of the 
counting system was determined by means of 
an internal standard, and all results were ex- 
pressed as dpm. 

Results. Exp. 1. The percentage recovery 
of tritium 24 hours after administration of 10 
mg H*-3-methylcholanthrene is presented in 
Table I. Percentage of radioactivity recov- 
ered in tissues, urine and feces by the com- 
bustion technic was approximately 69 for rat 


+The “fluor” solution is prepared by dissolving 
7.5 g diphenylaxazole, 0.075 g “POPOP” and 120 g 
naphthalene in 500 ml spectroscopic grade dioxane 
and 500 ml of redistilled xylene. 
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TABLE II. Total Radioactivity (dpm/g Wet Wt) 

in Tissues 24 Hr after Administration of a Single 

Dose of 10 mg H*-3-Methyleholanthrene by Gastric 
Tube (Combustion Technic). 


Rat No. 1 2 3 Mean + S.E. 
é X 1000 

Kidney 32.9) 56 56.3 48.4 + 7.71 
Fat B1c0" 24.67 20 25.4 + 3.37 
Liver 23.9" 246 237 24.1 + .28 
Mammary gland 11.1 23.4 19.1 17.97 + 2.20 
Lung 15.1 Oral 12.1 + 44 
Uterus tS (ich alyfee: 11.9 + 2.99 
Brain 4.9 4.1 4.5 
Skeletal muscle 222, Deo Rae 26. s= 232 
Blood 2.5 
#1, 64 for rat #2, and 98 for rat #3. Fifty- 


eight to 93% of the administered dose was 
recovered in gastric and intestinal contents 
and feces. It is assumed that these values 
represent, for the most part, material which 
has not been absorbed. Approximately 6% 
(6.5, 5.6 and 5.3, respectively) of adminis- 
tered radioactivity was found in the tissues 
analyzed, or in urine. Values obtained for 
urine (4.9, 4.4 and 3.9%, respectively) for 
the 3 animals were in good agreement. 

Less than 2% of administered radioactivity 
was recovered from the tissues analyzed. The 
concentration per gram wet weight is pre- 
sented in Table II for the combustion technic 
and in Table III for the toluene-extraction 
method. The results of the combustion 
method, which determines total radioactivity, 
were higher. than those obtained by toluene 
extraction. This is to be expected inasmuch 
as the aqueous phase of the toluene-water sys- 
tem was not analyzed. The results presented 
in Table III represent only the concentrations 
found in the toluene extract and those in the 
dried residue. 

With the exception of brain and skeletal 


rig! 


muscle, all tissues analyzed contained at least 
7000 dpm/g wet weight. Average concen- 
tration of total radioactivity ranged from 
11,000 dpm/g for uterus to 48,000 for kidney. 
Mammary tissue and fat contained nearly 
comparable levels of total radioactivity; aver- 
age concentrations were 18,000 and 25,000 
dpm/g, respectively. 

Sixty to 70% of the radioactive material in 
fat and breast tissue was toluene-soluble; less 
than 10% was extracted from the other tis- 
sues analyzed. These results suggest (1) that 
the radioactive material is in 2 (or more) 
chemical combinations, 7.e., one that is readily 
soluble in toluene and another which is in- 
soluble, or (2) that the material is less firmly 
bound to adipose tissue. 

Exp. 2. The daily excretion of tritium in 
urine and feces of 4 rats following a single 
feeding of 10 mg of H*-3-methylcholanthrene 
is presented in Fig. 1 for urine and Table III 
for feces. Radioactivity was detected in urine 
of Rat No. 1 for 13 days, Rat No. 2 for 17 
days, Rat No. 3 for 16 days, and Rat No. 4 
for 15 days. With the exception of Rat No. 
2 whose peak urinary excretion occurred on 
the second day, 3.5 to 4.0% of administered 
dose was excreted within the first 24 hours. 
These results are in agreement with those pre- 
sented for Exp. 1. Detectable quantities (5 
dpm/mg) of radioactive material appeared 
in feces of Rat No. 1 for 11 days, Rat No. 2 
for 8 days, Rat No. 3 for 9 days and Rat No. 
4 for 7 days. Of the original radioactivity ad- 
ministered, 71% for rat No. 1, 59% for Rat 
No. 2, 52% for Rat No. 3, and 45% for Rat 
No. 4 was recovered in feces during the first 
5 days; trace amounts occurred intermit- 
tently throughout the remainder of observa- 


TABLE III. Radioactivity in Toluene-Soluble Fraction and in Residue after Toluene Extrac- 
tion, of Tissues from Sprague-Dawley Rats 24 Hours after Administration of 10 mg H*-3- 
Methyleholanthrene by Gastric Tube. 


dpm/g wet wt 


Rat 1 Rat 2 Rat 3 
Extract Residue Extraet Residue Extract Residue 
c x 1000 “ 
Kidney 1.72 22.5 1.8 20.4 1.73 
Fat 20 .68 19.6 48 
Liver 1.85 16.5 2.5 23 1.85 15.8 
Mammary 11.5 2.77 13.5 59 10.2 1 
Lung 66 9.5 69 3.04 
Brain A 2.4 2 1.94 
Skeletal muscle 3 824 4 63 23 § 


500,000F a 


300,000 


DAYS 


FIG. 1. Daily excretion of tritium in urine of 4 
rats after administration of a single 10-mg dose of 
H*-3-methylcholanthrene by gastrie tube. 2000 dpm 
is equivalent to 1 wg of original hydrocarbon. 
tion period (25 days). Trace quantities of 
radioactive material were found in mammary 
gland and liver but not in the other tissues 
from Rat No. 1 at 26 days. 
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Discussion. It is estimated that less than 
10% of administered radioactivity was ab- 
sorbed. The data obtained by toluene ex- 
traction are in good agreement with those of 
Dao, et al.(4), who analyzed a benzene ex- 
tract of hydrolyzed tissue spectrofluoropho- 
tometrically. If the toluene-extractable ra- 
dioactivity obtained in this study proves to 
be 3-methylcholanthrene, and on this point 
there is no information, concentration of the 
carcinogen per gram of tissue for the 3 rats is 
estimated to be 5.8, 6.8 and 5.1 »g for mam- 
mary gland, and 10 and 9.8 yg for fat, respec- 
tively. It would appear that this low concen- 
tration is sufficient to induce carcinogenesis 
in highly susceptible animals. This estimate 
is in agreement with observations in this lab- 
oratory that a single subcutaneous injection 
of 10 wg of 3-methylcholanthrene will induce 
sarcoma at site of injection in 2 of 10 rats. 


Relatively high levels of tritium were re- 
covered in all tissues except skeletal muscle 
and brain. Concentrations in kidney and 
liver were higher than those of mammary 
gland and fat. In contrast to fat and breast 
tissue, approximately 50% of total radioac- 


TABLE LV. Excretion of Tritium in Feces after Administration of a Single Dose of 10 mg of 
H*-3-Methylcholanthrene by Gastric Tube (Combustion Method), on 25 Suecessive Days. 


Rat 1 Rat 2 Rat 3 Rat 4 
Total dpm Total dpm Total dpm Total dpm 
(X 1000) dpm/mg (xX 1000) dpm/mg (xX 1000) dpm/mg (x 1000) dpm/mg 
128 162 1,530 1,190 2,233 1,722 1,650 1,320 
12,730 3,700 1,905.25 11,040 4,330 14,340 5,314 8,100 
1,100 336 7,450 11,900 2,794 10,310 1,837 1,780 
145 165 2,252.2 1,995 610.24 4,420 
102 147 648.8 406 477.32 2,010 312 172 
15.4 32 93.23 81 1,635 694 86.6 36 
21.13 21 230.55 56 897.6 548 12.81 8 
5.44 16 9.914 6 OUT 122 2.4 1 
3.04 8 4.57 i 51.82 20 832 3 
12.04 7 3.14 1 4.85 2 2.2 1 
6.5 5 1.38 1 94 1 0 0 
2.65 3 2.99 2 2.46 1 1.54 1 
O70 3 2.2 2 505 2 745 il 
6.09 5 4.16 1 2.04 1 Lh i 
3.08 3 gil il 0 0 24 ne 
5.03 3 2.2 2 1.82 1 1.37 1 
42 1 2.59 1 3.36 1 1.415 1 
1.69 2 1.53 1 733 1 -68 il 
4.89 1 1.15 1 6.4 3 6.36 5 
3.64 2 1.3 2 .83 1 4.47 4 
11 4 8.33 4 2.4 1 6.8 4 
7.84 5 4.33 il 4.15 3 99 1 
16.6 6 1.9 1 36 Rs) 2.77 1 
8.25 4 2.364 2 6 3 1.67 il 
11.48 9 68 4 58 as) 
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tivity was not extracted by water or toluene, 
but remained in the dried residue fraction. 
These results suggest that the administered 
hydrocarbon is rapidly converted to radioac- 
tive metabolites that are firmly bound to 
tissue. This type of protein binding has been 
established with other carcinogenic agents 
(5,6). Studies to determine the chemical 
nature of the binding of H*-3-methylchol- 
anthrene or its metabolites with tissue con- 
stituents are being undertaken. 

The prolonged excretion of radioactive ma- 
terial in feces indicates that the carcinogen or 
its metabolites have a relatively long sojourn 
in the organism. The observations of Dao, 
et al.(4) and of Dauben and Mabee(7) sup- 
port this interpretation. Failure to demon- 
strate significant quantities of radioactivity 
in tissues 25 days after administration of the 
hydrocarbon does not preclude its presence in 
trace amounts. It must be emphasized that 
the present technics for determination of tri- 
tium in biological material are not sensitive 
enough to detect with certainty concentrations 
below 5 dpm/mg. The small and variable 
quantities found in the feces after the first 
week may be due in part to the limitations in- 
herent in the technic and in part to biological 
variation. 

Summary. 1) Sprague-Dawley female rats, 
age 50 days, were given 10 mg H?-3-methyl- 
cholanthrene dissolved in sesame oil by gas- 
tric tube. 2) In the first experiment selected 
tissues, urine and feces were analyzed for ra- 
dioactivity after 24 hours. Sixty to 90% of 
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administered radioactivity was found in gas- 
tric and intestinal contents or in feces; 4.4% 
in urine. Less than 2% was recovered in the 
tissues analyzed. Results obtained by com- 
bustion technic for measurement of total ra- 
dioactivity were compared with those ob- 
tained by toluene extraction. Data indicate 
that most radioactivity in fat and mammary 
tissue could be extracted with toluene, where- 
as negligible quantities could be obtained by 
this method for liver, kidney, brain, uterus 
and skeletal muscle. 3) In the second experi- 
ment, 24-hour samples of urine and feces 
were analyzed for total radioactivity for 24-25 
days. Significant, quantities of tritium-la- 
beled material appeared in urine for 13-17 
days and in feces for 7-11 days. Thereafter, 
fecal and urinary excretion of radioactivity 
occurred intermittently in trace amounts. 


We wish to thank Miss Beverly Cockrell for tech- 
nical assistance. 
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Action of Desoxycorticosterone Acetate* on Glycogen. I. Relationship of 


Liver Glycogen Formation to Potassium Metabolism. 


(25985) 


WILLIAM NIEDERMEIER AND EMMETT B. CARMICHAEL 


Dept. of Biochemistry, University of Alabama Medical College and School of Dentistry, Birmingham 


It has been established that a relationship 
exists between potassium and carbohydrate 
metabolism in the intact animal. Harrop and 
Benedict(1) were first to describe a decrease 
in blood serum potassium concentration fol- 
lowing administration of insulin. They be- 


* Generously supplied by Organon, Orange, N. J. 


lieved that this decrease was the result of po- 
tassium entering cells of tissue along with glu- 
cose during glycogenesis. This idea was sup- 
ported by Fenn(2) who observed that potas- 
sium content of liver of intact rats approxi- 
mately paralleled glycogen content. Gardner 
(3) reported that rats depleted of potassium 
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by dietary restriction of this element produced 
practically no glycogen following intraperi- 
toneal injection of glucose. Desoxycorticos- 
terone acetate (DOCA) has been shown to be 
a potent mineralocorticoid. When injected 
into experimental animals, it caused a wasting 
of potassium resulting in a severe deficiency 
of that element(4). Low tissue glycogen 
levels have been reported(5) following admin- 
istration of large doses of this steroid. Jn vi- 
tro studies showed that glycogen formation 
in liver slices was dependent on a high potas- 
sium concentration in the incubating medium 
(6). Similar studies indicated that even in 
the presence of high potassium concentration, 
addition of 1.0 mg % DOCA to the medium 
completely inhibited glycogen production(7). 
It was of interest therefore, to study the 
mechanism of action of DOCA on glycogen 
formation in vivo, and to determine whether 
the inhibition elicited by this steroid on gly- 
cogen production was secondary to, or inde- 
pendent of its action on potassium metabol- 
ism. It was postulated that by increasing 
potassium intake of rats, large decreases in 
potassium content of tissues and blood serum, 
normally associated with administration of 
large doses of DOCA, might be avoided. The 
action of DOCA on glycogen formation could 
thus be studied independently of large 
changes in potassium concentration of both 
serum and tissues. 

Materials and methods. Two hundred and 
twenty male rats of Wistar origin that 
weighed between 200 and 300 g were divided 
into 2 groups. Group I consisted of 140 rats 
which were further divided into 7 subgroups 
of 20 rats each. Half of the rats in each sub- 
group were given tap water to drink and the 
other half were given 1.0% potassium chlor- 
ide solution. Rats in the first subgroup re- 
ceived daily injections of sesame oil and 
served as controls for the other 6 subgroups 
that received 5.0 mg of DOCA daily in the 
form of a 5.0% solution in sesame oil, injected 
subcutaneously for 1, 2, 3, 5, 10 and 14 days 
respectively. Twenty-four hours before last 
injection, food was withdrawn from the cages 
but the drinking fluid continued to be avail- 
able ad libitum. At time of last injection, 200 


DESOXYCORTICOSTERONE AND LIVER GLYCOGEN FORMATION 


mg of glucose per 100 g of body weight were 
injected intraperitoneally in the form of a 
10% solution prepared in isotonic saline. 
After 4 hours the animals were anesthetized 
by injecting 5.0 mg of sodium pentobarbital 
intraperitoneally per 100 g of body weight. 
Fifteen minutes later the abdominal cavity 
was opened and blood was collected from the 
inferior vena cava for potassium analysis. 
The liver was removed, quickly trimmed of 
fat and connective tissue, and excess blood 
removed by blotting between sheets of filter 
paper. Approximately half of each lobe was 
placed in a tared weighing bottle containing 
10 ml of 5.0% trichloroacetic acid and finely 
minced with scissors for glycogen determina- 
tion. The remaining portion of liver was 
placed in a small tared silica dish and ashed 
for potassium analysis. Glycogen was deter- 
mined by the method of Carroll e¢ al.(8) 
which consisted of trichloroacetic acid extrac- 
tion of the homogenized tissue, and alcohol 
precipitation of the glycogen, followed by the 
anthrone reaction. Potassium was determined 
with a Beckman Model DU Flame Spectro- 
photometer(9) following the analytical pro- 
cedure of Bills et al.(10). The results from 
the analytical determinations were averaged 
for each subgroup of animals. Mean liver 
glycogen and potassium values were expressed 
in milligrams per liver and meq per liver re- 
spectively. Mean blood serum potassium 
values were expressed in meq/]l. Group II 
consisted of 80 rats subdivided into 4 sub- 
groups of 20 rats each. Rats in the first sub- 
group received daily injections of sesame oil 
and served as controls for the other 3 sub- 
groups that received 5.0 mg of DOCA per day 
for 2, 5 and 14 days respectively. Half of the 
animals in each subgroup were given tap water 
to drink and the other half 1.0% potassium 
chloride solution. These rats served as fast- 
ing-controls for the glucose injected rats of 
Group I, and were treated identically except 
that 0.9% sodium chloride solution was sub- 
stituted for the 10% glucose solution injected 
intraperitoneally 4 hours before sacrifice. 
Results. The results obtained with animals 
that received tap water are presented in Fig. 
1. In the fasting control rats, administration 
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of DOCA had essentially no effect on either 
mean glycogen or mean potassium content of 
the liver. There was however, a marked de- 
crease in blood serum potassium concentration 
from a mean of 5.67 meq/] for the control 
group to a mean of 3.31 meq/] for the group 
of rats treated with 5.0 mg of DOCA for 14 
days. 

Following intraperitoneal injection of glu- 
cose, mean glycogen and mean potassium con- 
tents of liver from the rats that did not re- 
ceive DOCA increased 59.1 mg and 0.187 
meq respectively. Glycogen production was 
facilitated by administration of DOCA for 
either one or 2 days, but was inhibited in the 
rats that received the steroid for 5 days or 
more. Inhibition of glycogen formation was 
approximately paralleled by a decrease in 
potassium content of both liver and blood se- 
rum. Statistical studies showed that the de- 
creases in both potassium and glycogen con- 
tent were significant in the rats that received 
DOCA for 5 days or more. 

The results obtained with animals that re- 
ceived 1.0% potassium chloride solution were 
presented in Fig. 2. As in the studies with 
fasting rats that received tap water, DOCA 
had essentially no effect on either glycogen or 
potassium content of liver. However, there 
was a decrease in blood serum potassium con- 
centration of 2.09 meq/I for the rats that re- 
ceived DOCA for 14 days. 

In rats that received DOCA for less than 
3 days, the glycogenic response and increase 
in liver potassium content following glucose 
administration was essentially the same as 
that observed in those that received tap water 
as shown in Fig. 3. For the glucose injected 
rats treated with DOCA for 5 days or more, 
those that received potassium chloride solu- 
tion had a higher blood serum potassium con- 
centration and produced more glycogen than 
those that received tap water. These differ- 
ences were statistically significant. 

Discussion. Conflicting reports have ap- 


rats drinking 1.0% KCI solution. 

FIG. 3. Effect of 11-desoxycorticosterone acetate 
(DOCA) on glycogen and potassium content of 
liver 4 hr after the I.P. inj. of glucose into intact 
rats drinking 1.0% KCl solution compared with 
those drinking tapwater, 
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peared concerning the action of DOCA on 
glycogen formation in intact animals. Koch 
and Bohlander(11) found that administration 
of 1.0 mg DOCA per day for 6 days to intact 
rats resulted in a one-third increase in liver 
glycogen concentration. Winter and Thomp- 
son(12) reported that implantation of 5 mg 
pellets of DOCA subcutaneously in intact rats 
was without effect on glycogen concentration. 
Verzar and Wang(5) showed that adminis- 
tration of a single 20 mg injection of DOCA 
intraperitoneally completely inhibited glyco- 
gen formation in the liver of intact rats. 
These conflicting reports can be explained in 
part on the basis of the results of the present 
studies. These studies showed that DOCA 
administered daily for short periods of time 
resulted in increased liver glycogen produc- 
tion, but when administered daily for longer 
periods of time, there was a decrease in glyco- 
gen production. 

The observation that potassium entered the 
liver during glycogenesis was in agreement 
with the report by Fenn(2). Since decrease 
in glycogen formation approximately paral- 
leled decrease in potassium content of liver 
and blood serum, these data suggested that 
DOCA induced inhibition of glycogen forma- 
tion was secondary to potassium depletion. 
The observation that glycogen formation was 
essentially normal in DOCA treated rats that 
had an increased intake of potassium chloride 
further supported this mechanism of action of 
DOCA on glycogen formation. These data 
also suggested that it was the availability of 
potassium from extracellular fluid that limited 
production of glycogen in the livers of DOCA 
treated rats rather than potassium content of 
the liver. 

Summary. 


1. Daily administration of 
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DOCA for short periods caused an increased 
glycogenic response in liver of rats following 
intraperitoneal injection of glucose. Daily 
administration of DOCA for longer periods 
resulted in decreased glycogenic response. 2. 
DOCA induced inhibition of glycogen forma- 
tion was accompanied by decrease in potas- 
sium content of both liver and blood serum. 
3. By forcing an increase in potassium intake, 
the potassium content of both liver and blood 
serum was maintained at essentially normal 
levels and liver glycogen production was not 
significantly inhibited in rats that received 
DOCA. 4. These data indicated that DOCA 
induced inhibition of glycogen formation was 
secondary to potassium depletion. 
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Effect of Arginine Deficiency on Nutritional Muscular Dystrophy in the 


Chick.* 


(25986) 


M. C. NEsHEIM, C. C. CALVERT AND M. L. Scott 
Cornell University, Ithaca, N. Y. 


Nutritional muscular dystrophy in the chick 
is of complex dietary etiology. The disease, 
in chicks, is affected by dietary amounts of 
Vit. E, methionine, cystine, and selenium. Ad- 
dition to the deficient diet of either Vit. E or 
one of the sulfur-containing amino acids com- 
pletely prevents the condition(1,2). Supple- 
menting the basal diet with selenium results 
in partial prevention of muscular dystrophy 
(3,4). During investigations as to whether 
the effects of the sulfur amino acids were spe- 
cific for preventing the disease, deficiencies of 
other essential amino acids were studied to 
determine effect on development of muscular 
dystrophy. A study of the effect of an ar- 
ginine deficiency disclosed an interesting inter- 
action between dietary arginine level and de- 
velopment of muscular dystrophy. The fol- 
lowing experiments show that with an argi- 
nine deficiency nutritional muscular dystrophy 
did not develop in the chicks, even though the 
diet was also deficient in Vit. E and the sulfur- 
containing amino acids. 

Experimental. Male and female White 
Plymouth Rock chicks hatched from eggs pro- 
duced by a flock of hens maintained on a Vit. 
E-low diet were used in all experiments. They 
were housed in thermostatically - controlled 
batteries with wire mesh floors. The basal 
diet used was as follows: casein, 20.00; cere- 
lose, 66.56; cellulose, 3.00; stripped lard, 
4.00; mineral mixture, 5.49; vitamin mixture, 
0.95. The vitamin mixture has been described 
by Morrison et al.(5) and contains no Vit. E. 
The mineral mixture supplied the following in 
e/ke of diet: CaHPO,, 21.51; CaCOs, 14.92; 
KH2PO,,:8.67; NaCl, 6.00; MgCOs, 1.42; 
FePO, : 4H20, 2.65; MnCls » 4H20, 0.463; 
KI, 0.0026; Cu(C2H;O2)s, 0.0119; ZnCl, 
0.1; CoCl, - 6H20, 0.001; NaMoO, ° 2H30, 
O,0083> KCI 1:5: 

* This work was aided by grants from Muscular 
Dystrophy Assn. of America, Inc., Nutrition Foun- 
dation, Inc., and Distillation Products Industries, who 
also supplied the stripped lard and d-a-tocopheryl 
acetate used in the studies. 


Muscular dystrophy was readily diagnosed 
by appearance of grossly visible white stria- 
tions running in the direction of muscle fibers 
on the breast of the chicken, as described by 
Dam et al.(1). The chicks were sacrificed at 
the end of each experiment and the skin re- 
moved from the breast to make the final as- 
sessment of incidence and severity of muscular 
dystrophy. 

Experiment 1 was designed to study effects 
of deficiencies of arginine, glycine and meth- 
ionine on muscular dystrophy. These amino 
acids were added to the basal diet alone, and 
in all possible combinations. The effects of 
Vit. E were also studied with the basal diet 
and in a diet with arginine and glycine added. 
The levels of amino acids used were chosen 
because these were the levels present in a 
previous basal diet(3) containing casein and 
gelatin as protein sources, which had been the 
standard diet for study of muscular dystrophy 
in this laboratory. The results of this experi- 
ment are included in Table I. Muscular dys- 
trophy was observed only in the chicks re- 
ceiving arginine without added Vit. E or 
methionine. No muscular dystrophy was ob- 
served in the chicks receiving the basal diet 
or this diet supplemented with glycine. 


Since growth of the chicks receiving the 
arginine deficient diets was considerably less 
than in chicks receiving diets adequate in ar- 
ginine, a second experiment was conducted in 
which one group of chicks receiving the basal 
diet plus arginine was pair-fed with the basal 
group to eliminate the difference in size of the 
chicks receiving these 2 diets. In other treat- 
ments, chicks receiving additions of arginine 
alone, arginine plus methionine, and arginine 
plus Vit. E were fed these diets ad libitum. 
The results of this experiment (Table II) con- 
firm those of the previous experiment in that 
supplemental arginine was found to be essen- 
tial for development of muscular dystrophy 
even when the growth of those receiving added 
arginine was restricted by limited feed intake. 
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TABLE I. Amino Acid Deficiencies of Casein and 
Muscular Dystrophy in the Chick. 
Avgwt, Muscular 
Treatment 5wk,g dystrophy 
Basal 209 (16)* —-0/16t 
+ 4% DiL-methionine WAC 10) 0/17 
+ 1.01% L-arginine HCl 378 ( 4) 11/14 
+ 2.74% glycine 262 (17) 0/17 
+ 4% methionine + 1.01% 455 (14) 0/14 
L-arginine HCl 
+ 4% DL-methionine + 218 (17) 0/17 
2.74% glycine 
+ 1.01% L-arginine HC1+ 416(16) 12/16 
2.74% glycine 
+ idem + .4% DL-methio- 419 ( 8) 0/ 8 
nine 
+ 80 mg/kg d-a-tocopheryl 206 (16) 0/16 
acetate 
+ 1.01% L-arginine HCl+ 376 (15) 0/15 


2.74% glycine + 80 
mg/kg d-a-tocopheryl 
acetate 


* No. of survivors. 

+ Expressed as No. of chicks showing symptoms 
(numerator) over No. of chicks examined (denom- 
inator). 


Vit. E or methionine supplementation pre- 
vented development of muscular dystrophy. 
A third experiment was conducted to de- 
termine whether higher levels of arginine 
would increase the severity of the disease in 
chicks. The basal diet was supplemented with 
levels of 1.01, 2.08 and 4.15% arginine HCl. 
The arginine-supplemented groups were all 
fed the same amount of feed as the basal 
group after 5 days of age. Results of this ex- 
periment (Table III) confirmed the previous 


TABLE II. Effect of Arginine on Development of 
Muscular Dystrophy. 


Avg wt, Muscular Feed/ 
Treatment 4wk,g dystrophy chick 
Basal 216 (17)* O/17§ 420 
+ 1.01% arginine 248 (18) 17/18 392 
HClt 
+ Idemt 298 (19) 18/19 489 
+ 1.01% arginine 380 (20) 0/20 565 
HCl] + 4% DL- 
methionine 
+ 1.01% L-arginine 304 (19) 0/19 510 
HCl1+ 80 mg/kg 
d-a-tocopheryl 
acetate 


* No. of survivors. 

+ Fed same amount of feed as basal after one wk 
of age. 

t Ad libitum fed. 

§ See footnote t, Table I. 
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2 experiments in that supplemental arginine 
was necessary for development of muscular 
dystrophy in young chicks. Severity of the 
muscular dystrophy was measured by means 
of an index. Affected muscles were given a 
score of from 1 to 10 depending on amount of 
breast muscle affected by the lesions. A score 
of 10 indicated the most extensive muscular 
degeneration. Based on this scoring system, 
higher levels of arginine had no significant 
effect on the severity of the dystrophy. 

To obtain further evidence on a possible 
relationship between arginine level, growth 
and muscular dystrophy, another experiment 
was conducted in which several groups of 
chicks were given the arginine-deficient diet 
for 5 weeks, whereupon some of the groups 
were then switched to the diet with adequate 
arginine supplementation. Within 2 weeks 


TABLE III. Effect of Various Levels of Arginine 
ou Development of Muscular Dystrophy. 


Avg wt, Muscular Severity 
Treatment 5wk,g dystrophy index 
Basal 204 0/20* — 
+ 1.01% L-arginine 261 17/20 7.0 
HCl 
+ 2.08% 270 19/19 8.4 
+ 4.15% 261 18/20 8.0 


* See footnote t, Table I. 


thereafter (when the chicks were 7 weeks of 
age) all chicks receiving arginine showed mus- 
cular dystrophy while those not receiving ar- 
ginine still did not appear to be affected by 
the disease. Feed intake was equalized in this 
experiment again to eliminate large differences 
in body size. 

Discussion. These experiments indicate an- 
other dietary variable of importance in nutri- 
tional muscular dystrophy in the chick. De- 
velopment of nutritional muscular dystrophy 
in chicks appears to depend not only on levels 
of Vit. E and sulfur-amino acids, but also 
upon level of arginine in the diet. 

The specific reason for the relationship be- 
tween arginine deficiency and muscular dys- 
trophy observed in this study is not known. 
Differences in rate of growth did not appear 
to be important, since muscular dystrophy 
was equally severe when growth of the chicks 
given adequate arginine was limited by re- 
stricted feeding. 


HuMAN CANCER IN NEWBORN Rats 


A possible explanation of the results ob- 
tained in these experiments. may lie in the 
effect of the sulfur-amino acids on muscular 
dystrophy. Since arginine was the first limit- 
ing amino acid in the basal diet, utilization of 
the remaining amino acids of the diet for pro- 
tein synthesis was depressed. More methio- 
nine and cystine would then become available 
to the animal for use in other functions, one 
of which may be involved in prevention of 
muscular dystrophy. If this is the case, de- 
ficiencies of essential amino acids other than 
arginine may have the same dystrophy-depres- 
sing effects. 

These experiments also provide evidence 
that the sulfur amino acid effect is not a non- 
specific effect, observed only because of a 
deficiency of an essential amino acid. As op- 
posed to the effect of methionine a deficiency 
of the essential amino acid arginine did not 
result in muscular dystrophy in chicks fed a 
Vit. E deficient diet. 


Growth of Human Cancer Cells (HEP 2) in Newborn Rats.* 
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Summary. Nutritional muscular dystrophy 
in the chick did not occur when an arginine 
deficient diet was fed even though the diet was 
low in Vit. E and sulfur amino acids. When 
arginine was included in the basal diet, a high 
incidence of muscular dystrophy was observed 
by 5 weeks of age, even when growth was re- 
stricted in the chicks receiving adequate ar- 
ginine by paired feeding with the basal group. 
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LEON J. KUTNER AND CHESTER M. SOUTHAM 
Sloan-Kettering Inst. for Cancer Research, N. Y. City 


Transplantation of antigenically foreign 
tissue is usually followed by a prompt host 
reaction resulting in rejection of the trans- 
plant unless special conditions prevail. Con- 
ditions which permit growth of heterologous 
tissues include special implantation sites such 
as the brain and the anterior chamber of the 
eye(1,2), “conditioning” of recipient animal 
by agents such as cortisone and x-ray which 
cause a general depression of defense mechan- 
isms(3), and use of an embryonic or newborn 
recipient such as the chick embryo(4). Each 
of these methods has been used successfully 
for the heterologous growth of human cancer 
cells. More recently it has been reported 
that the human epidermoid cancer cell line 
HEp #3 will grow in rats inoculated im utero 


(5) in newborn unconditioned hamsterst, 
Diese ee eS 

* This study supported by research grants from 
Nat. Cancer Inst., U.S.P.H.S., and Phoebe Water- 


man Fund. 


5. Morrisons AG By Scott, Vie Le Norsis, LG. 
Poultry Sci., 1955, ¥34, 738. 
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and in newborn unconditioned mice(6). The 


present report describes growth of another hu- 
man epidermoid carcinoma cell line (HEp 
#2) in normal newborn rats. 


Methods. The HEp #2 cell line of Toolan 
(7) was grown in monolayer tissue cultures, 
harvested with trypsin and washed once with 
Gey’s salt solution. The cells were resus- 
pended in Gey’s solution, counted in a hemo- 
cytometer, and adjusted to 8 to 10 million 
cells per ml. Non-inbred albino rats less than 
24 hours old were inoculated intravenously 
in the facial or submental veins with 0.25 ml 
of this suspension. Inoculation failures were 
discarded from this study. Rats which died 
within 2 to 3 days after inoculation were also 
excluded. Litter mate controls were inocu- 
lated with an equal volume of Gey’s salt so- 
lution. 


t Personal communication. 
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Histologic section of lung of rat age 26 days inoculated with HEp 2 cells intrav. 


when approximately 10 hr old. Lung parenchyma collapsed and displaced by epidermoid cancer 


cells. 


FIG. 3. Multiple foci of tumor cells in brain stem of rat 27 days old inoculated with HEp 2 


cells intray. when 6 hr old. 


FIG. 4. Histologic section of kidney of rat 26 days old inoculated with HEp 2 when approxi- 
mately 10 hr old. Bowman’s capsule is filled with tumor cells which displace glomerular tuft. 


Results. As early as 15th to 19th day cell 
inoculated rats showed signs of illness. By 4 
to 5 weeks their weight was 30% to 50% less 
than that of litter-mate controls. Terminally, 
they had ruffled fur, severe cachexia, thoracic 
enlargement, rapid and labored breathing, cy- 
anosis, and sometimes signs of central nervous 
system disorder. Death usually occurred in 


the 4th or 5th week. At the end of 5 weeks 
92% (77/84) had died of respiratory failure 
or had been sacrificed when moribund. Mor- 
tality in litter-mate controls was only 3% 
(1/35): 

All animals were autopsied except a few 
which were cannibalized or severely auto- 
lyzed. On gross examination the lungs of all 
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cell inoculated rats were enlarged, firm, white, 
and did not collapse when the thorax was 
opened (Fig. 1). Other organs rarely had 
gross abnormalities. 

Microscopic examination consistently re- 
vealed masses of the HEp #2 cancer cells al- 
most completely obliterating normal lung tis- 
sues (Fig. 2). Cancer cells were also found 
in brain (Fig. 3), and kidney (Fig. 4). The 
_ frequency with which lesions occurred in or- 
gans other than lungs is not known because 
these lesions were not visible grossly and only 
lung was sectioned routinely. 

Subcutaneous and intraperitoneal inocula- 
tions of newborn rats and intravenous, intra- 
peritoneal or subcutaneous inoculations of 
newborn mice with 100,000 to 1,000,000 cells 
gave no evidence of transplant growth or 
stunting of the recipients. 

These studies are being continued to deter- 
mine effect of age of rats and size of inocu- 
lum on growth of the implant, and to study 
other human cell lines. These incomplete 
studies suggest that progressive growth of 
HEp #2 will occur only with an inoculum in 
the magnitude of a million or more cells and 
in rats less than 3 days of age. The cell lines 
HEp #1, J-111 and Detroit 6 grow in a simi- 
lar manner. 

Discussion. The factors permitting growth 
of these heterotransplants are unknown and 
are being investigated further. The simplest 
explanation is that the human cells were intro- 
duced at an age when rejection mechanisms 
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were incompetent, and grew at the expense of 
lung tissue to a size where death was caused 
by anoxia before rejection could be initiated. 
Alternative possibilities are that early intro- 
duction of these heterologous cells caused spe- 
cific immune tolerance or immunologic “pa- 
ralysis” due to antigen excess. 

The human identity of this HEp #2 cell 
line was established by antigenic studies with 
the tanned erythrocyte agglutination technic 
during these experiments. 

Summary. Tissue cultured cells of human 
cancer cell line HEp #2 inoculated intrave- 
nously into newborn rats at a dose of 1 mil- 
lion or more cells resulted in growth of the 
heterologous tumor cells in lungs and some- 
times in other organs and produced death by 
respiratory impairment in 4 to 5 weeks. 
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Diurnal Rhythm in Plasma Corticosterone and Lack of Diurnal Rhythm in 


Plasma Compound F-like Material in the Rat.* 


(25988 ) 


J. L. McCarruy,t R. C. Cortey anp M. X. ZaRRow 
Dept. Biological Sciences and Chemistry, Purdue University, Lafayette, Ind. 


A diurnal variation in activity of the adre- 
nal cortex has been shown to occur in the 
mouse, dog and human being(1-5) on the 


* Aided in part by grant from Purdue Research 
Foundation. 

+ Present address: Dept. 
Methodist Univ., Dallas, Texas. 


Biology, Southern 


basis of changes in circulating levels of eosino- 
phils and in concentrations of the adrenocorti- 
coids in blood and urine. In conjunction with 
a study on corticoids of rats, it was deemed 
advisable to examine the possibility of such 
a diurnal variation in plasma adrenocorticoid 
concentrations. Recently, Guillemin e¢ al.(6) 
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demonstrated a diurnal variation in levels of 
corticosterone in the blood of the rat and 
cited the importance of such variations in de- 
termination of resting steroid levels. Present 
results confirm the above observation but, in 
addition, indicate a lack of diurnal rhythm in 
another material of adrenal origin found in 
the plasma. 

While a few paper chromatographic analyses 
of rat plasma have indicated the presence of 
more than a trace of 17-hydroxycorticosterone 
(Compound F), several workers have reported 
the presence of a Porter-Silber chromogen in 
plasma extracts(7,8). Since Silber and Porter 
reported that corticosterone (Compound B) 
reacted with their color reagent and had an 
absorption maximum near 350 myu(9), a way 
was open to determine the compound in plas- 
ma. If indeed, 2 steroids were present in rat 
plasma, with different absorption maxima, 
technics of simultaneous determination could 
be applied(10,11). While this possibility was 
being investigated, Rosenman ef al. reported 
on such a simultaneous determination of corti- 
coids applied to rat plasma(12). 

During this study, evidence was found for 
the presence of an unknown material in rat 
plasma, reacting with the Porter-Silber reagent 
and having an absorption maximum near 410 
mp(13). Additional data indicated the com- 
ponent to be of adrenal origin. Since colori- 
metric studies on 17-hydroxycorticoids in 
plasma have involved a chromogenic compari- 
son of plasma extracts with Compound F, in 
this study the absorption of the unknown 
material was also compared with that of Com- 
pound F. For this reason the unknown sub- 
stance is termed “‘F-like material” (to indicate 
color comparison to the standard) which 
should not be taken to infer identification as 
a 17-hydroxycorticoid. 


Methods. Groups of 5-10 rats of the Pur- 
due strain, 60 to 90 days of age and all of the 
same sex, were placed in a large wire cage in 
a light proof room. The room was illuminated 
with artificial light for 12 hours each day, 8 
a.m. to 8 p.m., and was maintained under 
controlled temperature conditions. The ani- 
mals were fed the standard laboratory diet 
and given tap water ad libitum. The animals 
were allowed to acclimate to the new environ- 
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ment for 14 days before plasma samples were 
obtained for analysis. 


Four time intervals were selected as the 
periods during which blood samples would be 
obtained: 9-10 a.m., 2-3 p.m., 9-10 p.m., and 
2-3 a.m. At the beginning of one of the inter- 
vals, the animals were given a single intraperi- 
toneal injection of Nembutal (Abbott) 30 
mg/kg body weight, and were removed from 
the room 20 minutes later when all were anes- 
thetized. Blood was withdrawn by cardiac 
puncture using a heparinized syringe and plas- 
ma obtained by centrifugation. Plasma from 
3 to 5 animals was pooled to obtain a 15 ml 
sample which was stored in the deep freeze 
for subsequent corticoid determination. 


The technic for extraction was that of 
Peterson e¢ al.(14) modified for use with rat 
plasma(13). In all cases, plasma samples were 
extracted with dichloromethane and the ex- 
tract divided into two 10 ml aliquots. One 
aliquot was treated with the Porter-Silber 
reagent, phenylhydrazine, in a sulfuric acid- 
alcohol mixture, and the other aliquot was 
treated with the alcohol-sulfuric acid mixture 
as a blank. Absorbancy values for plasma ex- 
tracts and corticoid solutions of known con- 
centration were obtained at 355 and 410 mu. 
In all cases, absorbancy values of the chromo- 
gen were corrected for background by sub- 
tracting the acid blank absorbance. These 
corrected absorbancy values were used in si- 
multaneous equations to calculate levels of 
corticosterone and the unknown substance in 
rat plasma (F-like material). 


When this technic was applied to plasma of 
completely adrenalectomized rats, absorbancy 
values of the chromogen obtained at both 355 
and 410 mp, when corrected for background 
color by subtracting the acid blank, were zero. 
These data indicated that both corticosterone 
and the F-like material were absent from the 
blood of adrenalectomized rats. With rare 
exception, corrected absorbancy values at both 
wave lengths in samples from normal rats 
were greater than zero. 

Results. Levels of the corticoids in the per- 
ipheral blood of the rat were found to vary 
as a function of time of day (Table I). In 
both male and female rats, highest level of 
corticosterone was found at the 9-10 p.m. 
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TABLE I. Peripheral Plasma Corticoid Levels in 
Normal Rats at Various Time Intervals. 


No. of 1S ieee nema 
Time groups Comp’d B Comp’d F-like 
Male 
9-10 a.m 3 11.8 11.3 
2- 3p.m 7 22.0 12.7 
9-10 p.m 6 31.2 9.3 
2- 3a.m 3 7.2 eed 
Female 
9-10 a.m 2 12.8 9.2 
2- 3 p.m. 5 29.8 15.0 
9-10 p.m. 5 33.4 16.6 
2- 3 a.m. 2 lhl 12.6 


period with a slightly lower value evident dur- 
ing the 2-3 p.m. interval. Minimum concen- 
trations of corticosterone were found in the 
plasma obtained from animals at 2-3 a.m. and 
9-10 a.m. There was little variation in levels 
of the F-like material in the blood of the fe- 
male animals obtained at the 2-3 p.m. and 9- 
10 p.m. intervals. 

The presence of a diurnal rhythm in activity 
of the adrenal gland of the mouse was shown 
by variation in levels of corticosterone in the 
blood. The highest concentration was found 
during the afternoon(3). Similar results were 
obtained in the study on the rat(6) where 
maximum concentrations of corticosterone 
were observed between 4 p.m. and midnight. 
In the data reported here, the highest levels 
of corticosterone, in both male and female 
rats, occurred between 9-10 p.m. with some- 
what lower levels during the 2-3 p.m. interval. 
Though there is some difference in time of 
illumination in this study and that used by 
Guillemin et al.(6), these data support the 
evidence that there is a diurnal variation in 
concentration of corticosterone in the blood 
of the rat with a maximum activity during 
early afternoon and evening. Interestingly 
enough, no diurnal rhythm was found for the 
F-like material in the plasma of the rat. These 
results tend to indicate that the F-like compo- 
nent does not respond to the day-night stimu- 
lus as seen with corticosterone and supports 
the concept that corticosterone is the gluco- 
corticoid of physiological significance in the 
rat. 
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Summary. Concentration of corticosterone 
in blood of the rat varied as a function of 
time of day. Highest levels of corticosterone 
were found between 2 and 3 p.m., and 9 and 
10 p.m. There was no diurnal variation in 
concentration of an unknown component of 
adrenal origin found in blood. These data 
supply additional evidence for presence of a 
diurnal rhythm in secretory activity of the 
adrenal cortex and support the concept that 
corticosterone is the glucocorticoid of physio- 
logical significance in the rat. 


Samples of corticosterone and 17-hydroxycorti- 
costerone were supplied through courtesy of Merck, 
Rahway, N. J., and Upjohn Co., Kalamazoo, Michi- 
gan. 
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